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INACTIVE SITE PONDS

• DEWATERING THE PERCHED ZONES AND CONTAMINATED ALLUVIUM AND TREATING THE WATER ON-SITE
(APPROXIMATELY 1 MILLION GALLONS).

• EXCAVATING WASTE AND CONTAMINATED SOIL IN AND AROUND THE PONDS FOR TREATMENT APPROXIMATELY
2,100 CUBIC YARDS OF WASTE WILL BE TREATED AND DISPOSED OF OFF-SITE IN ACCORDANCE WITH THE LAND
DISPOSAL RESTRICTIONS (LDRS).

• TREATING CONTAMINATED SOIL (APPROXIMATELY 24,400 CUBIC YARDS) ON-SITE USING THERMAL EXTRACTION
FOR ORGANIC CHEMICALS AND SOLIDIFICATION/STABILIZATION FOR INORGANIC CHEMICALS.  SOIL WHICH IS
CONTAMINATED WITH RCRA LISTED HAZARDOUS WASTES WILL BE TREATED TO MEET EITHER THE LDR TREATMENT
STANDARDS OR THE SOIL AND DEBRIS TREATABILITY VARIANCE STANDARDS.

• BACKFILLING TREATED SOIL INTO THE AREA OF CONTAMINATION AND COVERING WITH A MULTI-LAYERED CAP.

CHEMICAL STORAGE TANK AREA

• USING SOIL VAPOR EXTRACTION IN-SITU AROUND THE CHEMICAL STORAGE TANKS TO REMOVE AND CAPTURE
HALOGENATED ORGANIC CHEMICALS.

GROUND WATER

• INSTALLING ADDITIONAL EXTRACTION SYSTEMS ON-SITE IN DRY GULCH, FILTER GULCH, THE CHEMICAL MILL
SUMPS, HYDROSTATIC TEST TANK AREA, AND POSSIBLY IN THE EAST BRANCH OF BRUSH CREEK (NORTH OF THE
INACTIVE SITE).

• TREATING THE RECOVERED GROUND WATER FOR VOLATILE ORGANIC COMPOUNDS (VOCS) AND INORGANIC
CONTAMINANTS INCLUDING HEAVY METALS.  ADDITIONALLY, A PROCESS FOR TREATING
N-NITROSODIMETHYLAMINE (NDMA) WILL BE INSTALLED.

• TREATING THE WATER TO MEET PARAMETERS ESTABLISHED IN THE COLORADO POLLUTANT DISCHARGE
ELIMINATION SYSTEM (COPDES) PERMIT FOR THE MMAG FACILITY.  CLEAN-UP TARGETS FOR THE GROUND
WATER ARE BASED ON FEDERAL AND STATE DRINKING WATER STANDARDS.

IMPLEMENTATION OF THIS REMEDY IS EXPECTED TO TAKE 4 TO 5 YEARS FOR THE INACTIVE SITE PONDS.  APPROXIMATELY 45
YEARS MAY BE NEEDED TO REMOVE CONTAMINANTS IN THE GROUND WATER IN ORDER TO MEET THE REMEDIATION GOALS.

STATUTORY DETERMINATIONS

THE SELECTED REMEDY IS PROTECTIVE OF HUMAN HEALTH AND THE ENVIRONMENT, COMPLIES WITH FEDERAL AND STATE
REQUIREMENTS LEGALLY APPLICABLE OR RELEVANT AND APPROPRIATE TO THE REMEDIAL ACTION, AND IS COST-EFFECTIVE.
THE REMEDY USES PERMANENT SOLUTIONS AND ALTERNATIVE TREATMENT TECHNOLOGIES TO THE MAXIMUM EXTENT PRACTICABLE
AND SATISFIES THE STATUTORY PREFERENCE FOR REMEDIES THAT EMPLOY TREATMENTS THAT REDUCE TOXICITY, MOBILITY OR
VOLUME AS A PRINCIPAL ELEMENT.  BECAUSE THIS REMEDY WILL RESULT IN HAZARDOUS SUBSTANCES REMAINING ON-SITE
ABOVE LEVELS THAT ALLOW FOR UNLIMITED USE AND UNRESTRICTED EXPOSURE A REVIEW WILL BE CONDUCTED NO LESS OFTEN
THAN EVERY FIVE YEARS AFTER REMEDIATION IS INITIATED TO ENSURE THE REMEDY CONTINUES TO PROVIDE PROTECTION OF
HUMAN HEALTH AND THE ENVIRONMENT.

JAMES J. SCHERER                       DATE: SEPT. 24, 1990
REGIONAL ADMINISTRATOR
EPA REGION VIII
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SITE NAME, LOCATION, AND DESCRIPTION

THIS RECORD OF DECISION (ROD), DESCRIBES THE REMEDIAL CLEANUP OF THE MARTIN MARIETTA ASTRONAUTICS GROUP
(MMAG) SITE.

THE SITE IS LOCATED IN JEFFERSON COUNTY NEAR THE MOUTH OF WATERTON CANYON APPROXIMATELY 25 MILES SOUTHWEST OF
DENVER (SEE FIGURE 1-1).  THE SITE OCCUPIES APPROXIMATELY 5,200 ACRES, AND COMPLETELY SURROUNDS 464 ACRES OF
US AIR FORCE PROPERTY (PJKS).  THE SITE IS THE LOCATION OF MMAG HIGH TECHNOLOGY ENGINEERING, DESIGN,
DEVELOPMENT, AND MANUFACTURING OPERATIONS PRIMARILY FOR THE SPACE INDUSTRY.  MMAG HAS PRODUCED THE TITAN 34D7
SPACE LAUNCH VEHICLE, THE MX EMPLACER, AND VARIOUS SPACE SHUTTLE SUBSYSTEMS AT THE SITE.

PHYSIOGRAPHY AND MAJOR SITE FEATURES

THE WEST SIDE OF THE SITE IS LOCATED IN THE FOOTHILLS OF THE ROCKY MOUNTAINS WITH ELEVATIONS RANGING FROM
5,800 TO 8,000 FEET ABOVE MEAN SEA LEVEL.  THE EAST SIDE OF THE SITE IS DIVIDED BY THE DAKOTA HOGBACK INTO A
CENTRAL VALLEY BETWEEN THE HOGBACK AND THE FOOTHILLS AND THE PLAINS EAST OF THE HOGBACK.  THE ELEVATION OF
THE EASTERN AREA RANGES FROM 5,500 TO 6,000 FEET ABOVE MEAN SEA LEVEL.  THE SITE HAS BEEN SUBDIVIDED INTO
FOUR MAJOR STUDY AREA.  THE FIRST AREA CONTAINS PLAINS STRETCHING FROM THE EASTERN BOUNDARY OF THE SITE TO
THE DAKOTA HOGBACK. THE SECOND AND THIRD AREA LIE BETWEEN THE DAKOTA HOGBACK AND THE FOOTHILLS.  THE NORTH
CENTRAL VALLEY AREA IS NORTH OF THE LARIAT GULCH/BRUSH CREEK DIVIDE, WHILE THE SOUTH CENTRAL VALLEY AREA IS
SOUTH OF THE DIVIDE.  THE PRECAMBRIAN BEDROCK AREA SPREADS FROM THE WESTERN EDGE OF THE CENTRAL VALLEY TO THE
WESTERN BOUNDARY OF THE SITE.

A MAJORITY OF THE DEVELOPMENT ON THE SITE IS CONFINED TO THE SOUTH CENTRAL VALLEY.  THE SITE IS FURTHER
SUBDIVIDED INTO NINE SEPARATE AREA (FIGURE 1-2).  THESE AREAS INCLUDE:

   KASSLER AREA
   FILTER GULCH AREA
   LOWER BRUSH CREEK AREA
   M3 AREA
   SPACE SUPPORT BUILDING (SSB) AREA
   GENERAL PURPOSE LABORATORY (GPL) AREA
   CHEMICAL TECHNOLOGY LABORATORY (CTL) AREA
   INACTIVE SITE AREA
   RIFLE RANGE LANDFILL AREA

MOST OF THE BUILDINGS CONSTRUCTED AT THE MMAG SITE ARE LOCATED IN THE M3 AREA AND SSB AREA.  OTHER ISOLATED
LABORATORY FACILITIES ARE LOCATED THROUGHOUT THE SOUTH CENTRAL VALLEY.  WASTES HAVE BEEN MANAGED IN A FEW
AREAS AT THE SITE INCLUDING THE INDUSTRIAL WASTEWATER TREATMENT PLANT (IWTP) LOCATED IN THE M3 AREA, FIVE
DISPOSAL PONDS LOCATED IN THE INACTIVE SITE AREA, AND THE RIFLE RANGE LANDFILL LOCATED IN THE RIFLE RANGE
LANDFILL AREA AND THE EVAPORATION POND IN THE M3 AREA WHICH IS A RESOURCE CONSERVATION AND RECOVERY ACT
(RCRA) UNIT.

THERE ARE FIVE MAJOR DRAINAGES OF CONCERN AT THE SITE.  LARIAT GULCH DRAINS THE NORTH CENTRAL VALLEY AREA. 
THE EAST AND WEST BRANCHES OF BRUSH CREEK DRAIN THE NORTH AND EAST SIDES OF THE SOUTH CENTRAL VALLEY AREA,
WHILE FILTER GULCH DRAINS THE SOUTHWEST CORNER.  DRY GULCH DRAINS A SMALL AREA BETWEEN THE EAST AND WEST
BRANCHES OF BRUSH CREEK.

GROUND WATER RECOVERY SYSTEMS HAVE BEEN CONSTRUCTED ON THE LOWER REACHES OF BOTH THE WEST BRANCH OF BRUSH
CREEK AND FILTER GULCH.  THE RECOVERY SYSTEMS ARE DESIGNED TO CAPTURE CONTAMINATED GROUND WATER MOVING
THROUGH THE STREAM BED ALLUVIUM.  THE CONTAMINATED GROUND WATER IS PIPED TO A TREATMENT SYSTEM AND EVENTUALLY
DISCHARGED TO BRUSH CREEK BELOW THE RECOVERY SYSTEM.

SURROUNDING LAND USE

THE MOST IMPORTANT SURROUNDING LAND USE IS THE DENVER WATER DEPARTMENT (DWD) KASSLER WATER TREATMENT PLANT
(KASSLER) WHICH BORDERS THE SOUTH SIDE OF THE MMAG SITE.  CURRENTLY, KASSLER IS NOT OPERATING.  FORMERLY,
KASSLER PLANT COLLECTED SURFACE WATER FROM THE SOUTH PLATTE RIVER AND GROUND WATER FROM THE SOUTH PLATTE
ALLUVIUM.  THE SURFACE WATER WAS OBTAINED FROM AN INTAKE STRUCTURE LOCATED APPROXIMATELY TWO MILES UPSTREAM
OF THE MMAG FACILITY.  THE SURFACE WATER WAS PIPED TO THE PLATTE CANYON RESERVOIR FOR THE SETTLING OF
PARTICULATES PRIOR TO FILTRATION IN THE CONCRETE-LINE FILTER BEDS LOCATED ADJACENT TO THE RIVER.  FOLLOWING
FILTRATION, THE WATER WAS CHLORINATED AND THEN TRANSFERRED TO A UNDERGROUND STORAGE TANK.  SURFACE WATER WAS
OCCASIONALLY DIVERTED TO THE PLATTE CANYON RESERVOIR VIA THE HIGHLINE CANAL LAST CHANCE DITCH.



GROUND WATER WAS COLLECTED USING A SERIES OF INFILTRATION GALLERIES CONSTRUCTED IN THE SATURATED ALLUVIUM
ALONG THE SOUTH PLATTE RIVER. GROUND WATER WAS WITHDRAWN FROM THE INFILTRATION GALLERIES ALTER COLLECTING AT
THE 5-SIDED WELL.  THE WATER WAS CHLORINATED AND THEN BLENDED WITH SURFACE WATER IN THE UNDERGROUND STORAGE
TANK.  THE 5-SIDED WELL WAS SHUT DOWN IN DECEMBER 1984 FOLLOWING THE DETECTION OF LOW LEVELS OF TCE IN THE
SOUTH PLATTE ALLUVIUM.  LAST CHANCE DITCH MAY ALSO HAVE BEEN IMPACTED BY CONTAMINATED WATER COMING FROM SEEPS
IN THE FILTER GULCH AREA.  IN DECEMBER 1985, ALL WATER TREATMENT OPERATIONS WERE DISCONTINUED AT THE KASSLER
PLANT.  THE PLANT IS MAINTAINED SO THAT IT MAY BE BROUGHT BACK ON-LINE IN THE FUTURE.

THE CHATFIELD RESERVOIR STATE RECREATION AREA IS LOCATED NORTHEAST OF THE MMAG SITE.  CHATFIELD RESERVOIR IS
EXTENSIVELY USED FOR BOATING, HIKING, AND MAY OTHER RECREATIONAL ACTIVITIES.  THE AREA OUTSIDE THE
RECREATIONAL AREA IS ZONED A-1 AND A-2, MEANING THAT DEVELOPMENT PLOTS MUST BE AT LEAST 10 ACRES.  THERE ARE
SCATTERED RESIDENCES THROUGHOUT THIS AREA.

TWO MILES NORTH/NORTHEAST OF THE SITE IS THE PLANNED DEVELOPMENT, CHATFIELD GREEN ACTIVITY CENTER.  IT WILL
COVER 346 ACRES AND CONTAIN OFFICE, RESEARCH, AND INDUSTRIAL FACILITIES AS WELL AS 600 DWELLING UNITS.  TWO
MILES NORTHWEST OF THE SITE IS THE RED MESA QUARRY.  THE AREA HAS BEEN ZONED FOR INDUSTRIAL USE ONLY.  TO THE
WEST, THE LAND IS ZONED A-1 RESTRICTING DEVELOPMENT PLOTS TO GREATER THAN 35 ACRES.  ONLY SCATTERED
RESIDENCES EXIST IN THIS AREA.

AN INVENTORY OF GROUND WATER WELLS IN THE AREA SURROUNDING THE SITE SHOWS THAT THERE ARE CURRENTLY NO WELLS
WITH A DOMESTIC-USE PERMIT. PREVIOUSLY, FIVE DOMESTIC-USE WELLS WERE PERMITTED IN THE IMMEDIATE VICINITY. 
FOUR WELLS PERMITTED TO THE DWD IN 1954 AND 1956 WERE ABANDONED IN 1971.  A FIFTH WELL PERMITTED IN 1956 NO
LONGER EXISTS.

WATER IN THE SOUTH PLATTE RIVER IS USED AS A SOURCE FOR DRINKING WATER BY THE CITY OF ENGLEWOOD.  THE WATER
INTAKE IS 3 MILES SOUTH OF CHATFIELD RESERVOIR.

METEOROLOGY

THE WEATHER SITE IS TYPICAL FOR THE EAST FLANK OF THE FRONT RANGE OF THE COLORADO ROCKY MOUNTAINS.  IT IS
TEMPERATE WITH AVERAGE HIGH TEMPERATURES OF 70 DEGREES FAHRENHEIT IN JULY AND 29 DEGREES FAHRENHEIT IN
JANUARY.  IT IS SEMI-ARID WITH AN AVERAGE OF 17.75 INCHES OF RAINFALL PER YEAR. ATMOSPHERIC PRESSURE IS
APPROXIMATELY 83 PERCENT OF THAT AT SEA LEVEL BECAUSE OF THE ELEVATION.  HUMIDITY AVERAGES 50 PERCENT AND THE
MEAN AVERAGE EVAPORATION IS BETWEEN 50 INCHES AND 60 INCHES PER YEAR.  EIGHTY PERCENT OF THE PRECIPITATION
FALLS BETWEEN APRIL 1 AND SEPTEMBER 30.  SNOW IS POSSIBLE YEAR ROUND, BUT THE HEAVIEST SNOW FALLS ARE IN
MARCH. PREVAILING WINDS ARE FROM THE SOUTH AND SOUTHWEST AT 9 MILES PER HOUR, WITH THE STRONGEST WINDS IN
MARCH AND APRIL.

GEOLOGY

THE OLDEST ROCK TYPE OCCURRING AT THE MMAG SITE IS PRECAMBRIAN AGE GRANITE AND METAMORPHIC ROCKS.  THESE
ROCKS MAKE UP THE MOUNTAINOUS TERRAIN ON THE WEST SIDE OF THE SITE.  THE PENNSYLVANIA AGE FOUNTAIN FORMATION
NONCONFORMABLY OVERLIES THE IGNEOUS AND METAMORPHIC ROCKS. THE FOUNTAIN FORMATION IS 2,200 FEET THICK AND
OUTCROPS OR SUBCROPS BELOW MOST OF THE INACTIVE SITE AREA, M3 AREA, GPL AREA, AND FILTER GULCH AREA.  THE
FOUNTAIN FORMATION AND THE OVERLYING SEDIMENTS UNITS HAVE BEEN TECHNICALLY UPLIFTED AND NOW STRIKE TO THE
NORTHWEST AND DIP TO THE NORTHEAST.

THE FOUNTAIN FORMATION CONSISTS PRIMARILY OF LATERALLY DISCONTINUOUS LAYERS OF POORLY SORTED CONGLOMERATIC
SANDSTONE, SANDSTONE, AND SANDY AND SILTY CLAYSTONE.

THE PERMIAN AGE LYONS SANDSTONE CONFORMABLY OVERLIES THE FOUNTAIN FORMATION.  THE LYONS SANDSTONE IS
APPROXIMATELY 235 FEET THICK AND CONSISTS PRIMARILY OF FINE-TO-COARSE-GRAINED QUART SANDSTONE.  IT IS
MODERATELY RESISTANT AND FORMS A SMALL HOGBACK THROUGH THE SOUTH CENTRAL VALLEY AREA.

THE PERMIAN TO TRIASSIC AGE LYKINS FORMATION CONFORMABLY OVERLIES THE LYONS SANDSTONE.  THE LYKINS FORMATION
INCLUDES THREE MEMBERS: BERGEN/HARRIMAN SHALE, GLENNON LIMESTONE, AND STRAIN SHALE.  THE BASAL 112 FEET THICK
BERGEN/HARRIMAN SHALE CONSISTS PRIMARILY OF REDDISH-BROWN SILTY SHALE.  THE 15-FOOT THICK GLENNON LIMESTONE
IS A PINK AND GRAY, THINLY LAMINATED LIMESTONE WITH LOCALLY WELL DEVELOPED SECONDARY POROSITY.  THE 250-FOOT
THICK STRAIN SHALE CONSISTS PRIMARILY OF YELLOW-BROWN SHALE.

THE JURASSIC AGE RALSTON CREEK FORMATION DISCONFORMABLY OVERLIES THE LYKINS FORMATION.  THE RALSTON CREEK
FORMATION IS 50 FEET THICK AND CONSISTS OF INTERBEDDED, FINE-GRAINED SANDSTONE, LIMESTONE, AND SHALE. THE
RALSTON CREEK FORMATION IS OVERLAIN BY THE JURASSIC AGE MORRISON FORMATION.  THE MORRISON FORMATION IS
APPROXIMATELY 360 FEET THICK AND CONSISTS PRIMARILY OF MULTICOLORED SHALE WITH THIN, INTERBEDDED SANDSTONES
AND LIMESTONES.  THE LYKINS, RALSTON CREEK, AND MORRISON FORMATIONS ARE ALL NON-RESISTANT VALLEY FORMING
FORMATIONS.



THE CRETACEOUS AGE DAKOTA GROUP UNCONFORMABLY OVERLIES THE MORRISON FORMATION: THE 320-FOOT THICK DAKOTA
GROUP INCLUDES THE SOUTH PLATTE AND LYTLE FORMATIONS.  BOTH FORMATIONS CONSIST PRIMARILY OF MASSIVE,
CROSSBEDDED SANDSTONE WITH CONGLOMERATIC ZONES INTERBEDDED WITH LESSER AMOUNTS OF SHALE, SILTSTONE, AND
CLAYSTONE.  THE DAKOTA GROUP IS VERY RESISTANT AND FORMS THE PROMINENT HOGBACK WHICH SEPARATES THE CENTRAL
VALLEY AREA FROM THE AREA EAST OF THE DAKOTA HOGBACK.

THE DAKOTA GROUP IS OVERLAIN BY THE CRETACEOUS AGE GRANEROS SHALE, GREENBORN LIMESTONE, CARLISLE SHALE,
NIOBRARA FORMATION, AND PIERRE SHALE.  THESE FORMATIONS CONSIST PRIMARILY OF SHALE WITH THIN LIMESTONE BEDS
AND CUMULATIVELY ARE MORE THAN 6300 FEET THICK.  THEY ARE NON-RESISTANT AND FORM THE PLAINS ENDING EAST OF
THE DAKOTA HOGBACK.

THE YOUNGEST GEOLOGIC MATERIALS AT THE SITE INCLUDE UNCONSOLIDATED SOIL AND ALLUVIUM.  THE SOILS ARE LOAMS
CONTAINING DIFFERING AMOUNTS OF CLAY, SAND, AND GRAVEL.  THEY TEND TO BE WELL DRAINED AND HAVE MODERATE TO
LOW PERMEABILITY.  THE ALLUVIUM IS THICKEST IN THE STREAM DRAINAGE AND IS ONLY A THIN VENEER OR IS COMPLETELY
ABSENT OVER THE TOPOGRAPHIC HIGH. IN THE CENTRAL VALLEY AREA, THE ALLUVIUM REACHES A MAXIMUM THICKNESS OF 35
FEET AND CONSISTS PRIMARILY OF SILTS OR CLAYEY SAND WITH LOCAL ACCUMULATIONS OF CLAY, SILT, GRAVEL AND
BOULDERS.  IN THE KASSLER AREA, THE ALLUVIUM MAY REACH A THICKNESS OF 50 FEET AND IS DOMINATED BY GRAVEL AND
BOULDERS.

HYDROLOGY

THERE ARE TWO MAJOR COMPONENTS TO THE MMAG SITE HYDROLOGIC SYSTEM: ALLUVIAL GROUND WATER AND BEDROCK GROUND
WATER.  THE INTERCONNECTION BETWEEN THE TWO SYSTEMS HAS NOT BEEN COMPLETELY DEFINED.  THE ALLUVIAL GROUND
WATER OCCURS IN NARROW BIDS OF ALLUVIUM ALONG THE MAJOR STREAM DRAINAGE OF FILTER GULCH, THE EAST AND WEST
BRANCHES OF BRUSH CREEK, DRY GULCH, AND THE SOUTH PLATTE RIVER.  THE ALLUVIUM IS GENERALLY THIN THROUGHOUT
THE MMAG SITE BUT REACHES A THICKNESS OF APPROXIMATELY 50 FEET ALONG THE SOUTH PLATTE RIVER.

THE ALLUVIAL AQUIFER IS RECHARGED BY RAINFALL, SURFACE WATER, AND DISCHARGE FROM THE BEDROCK AQUIFER.  THE
ALLUVIAL GROUND WATER TENDS TO FLOW DOWNGRADIENT, PARALLEL TO THE STREAM DRAINAGE, EVENTUALLY DISCHARGING TO
THE SOUTH PLATTE RIVER ALLUVIUM.  THE ALLUVIAL GROUND WATER MAY ALSO DISCHARGE TO SEEPS, DIRECTLY TO SURFACE
WATER, OR TO THE UNDERLYING BEDROCK.  THE HYDRAULIC CONDUCTIVITY OF THE ALLUVIAL AQUIFER VARIES FROM 0.032
FEET PER DAY TO 212 FEET PER DAY THROUGHOUT THE MMAG SITE.

GROUND WATER ALSO OCCURS IN THE BEDROCK FORMATIONS UNDERLYING THE MMAG SITE.  BEDROCK GROUND WATER FLOW IS
BEST CHARACTERIZED IN THE FOUNTAIN FORMATION UNDERLYING THE CENTRAL VALLEY AREA.  WATER TABLE, SEMI-CONFINED,
AND CONFINED CONDITIONS EXIST IN DIFFERENT AREAS AND, AT DIFFERENT DEPTHS IN THE FOUNTAIN FORMATION. 
RECHARGE MAY BE FROM DIRECT INFILTRATION OF PRECIPITATION OR FROM DISCHARGE FROM THE ALLUVIAL AQUIFER. 
GROUND WATER FLOW PATHS ARE VARIABLE DUE TO LITHOLOGIC INHOMOGENEITIES BUT, IN GENERAL, FLOW IS GREATEST
PARALLEL TO STRIKE AND DOWN DIP.  OVERALL, THE GROUND WATER FLOW GRADIENT IN THE FOUNTAIN FORMATION IS
SOUTHEAST TOWARD THE SOUTH PLATTE RIVER.  ON AVERAGE, THE HYDRAULIC CONDUCTIVITY IS AN ORDER OF MAGNITUDE
LESS THAN IN THE ALLUVIAL AQUIFER.

BEDROCK GROUND WATER FLOW IS NOT A WELL UNDERSTOOD A IN OTHER BEDROCK FORMATIONS; HOWEVER, SOME
CHARACTERIZATION HAS BEEN COMPLETED. CHARACTERIZATION OF THE HYDROLOGIC PROPERTIES OF THE PRECAMBRIAN AGE
IGNEOUS AND METAMORPHIC ROCKS INDICATE THAT GROUND WATER FLOW IS DOMINATED BY FRACTURE FLOW AND IS UNDER
ARTESIAN CONDITIONS IN MOST AREAS.  IN ADDITION, THE DEVELOPMENT OF SECONDARY POROSITY HAS BEEN OBSERVED IN
THE GLENNON LIMESTONE AND MORRISON FORMATION WHICH RESULTS IN GROUND WATER FLOW RATES SIMILAR TO THE RATES
OBSERVED IN THE ALLUVIAL AQUIFER.  FINALLY, THE THICK, CRETACEOUS AGE, SHALE DOMINATED FORMATIONS EAST OF THE
DAKOTA HOGBACK ARE BELIEVED TO FORM A HYDROLOGIC CONFINING LAYER PREVENTING GROUND WATER MIGRATION TO THE
IMPORTANT AQUIFER FORMATIONS IN THE DENVER BASIN.

THE SURFACE FLOW IN THE MAJOR DRAINAGE HAS BEEN MEASURED USING A FLUME AT REGULAR INTERVALS ALONG ALL THE
CREEKS.  THE BRANCHES OF BRUSH CREEK HAVE A COMBINED FLOW RATE RAGING FROM 0 GALLONS PER MINUTE (GPM) TO 80
GPM IN THE UPPER REACHES.  IN THE LOWER REACHES, BRUSH CREEK'S FLOWRATE GAINS CONSIDERABLY DUE TO EFFLUENT
DISCHARGE FROM THE MMAG WASTEWATER TREATMENT PLANT.  AT ITS MOUTH IN THE KASSLER AREA, IT HAS A FLOW RATE OF
300 GPM TO 1,000 GPM.  BOTH FILTER GULCH AND LARIAT GULCH HAVE FLOW RATES RANGING FROM 0 GPM TO 20 GPM.  THE
SOUTH PLATTE RIVER HAS FLOW RATES RANGING FROM 0.1 CUBIC FEET PER SECOND (CFS) TO 5,700 CFS.  THE DWD IS
REQUIRED TO MAINTAIN A FLOW RATE OF 30 CFS.  THE INFILTRATION GALLERIES AT KASSLER ALLOW SURFACE WATER TO BE
DIVERTED INTO THE SOUTH PLATTE ALLUVIUM NEAR THE 5-SIDED WELL.

#SH
SITE HISTORY

MMAG PURCHASED THE SITE IN THE MID-1950S AND SUBSEQUENTLY BUILT THE MANUFACTURING FACILITIES IN WHAT IS KNOWN
AS THE M3 AREA.  IN THE MID-1960S, THE SPACE PARK FACILITIES WERE BUILT IN THE SPACE SUPPORT BUILDING (SSB)
AREA.  ISOLATED LABORATORIES HAVE BEEN BUILT AT THE SITE PERIODICALLY SINCE THE 1960S.



WASTE GENERATION AND DISPOSAL

THE MAIN WASTE TYPES GENERATED BY ON-SITE ACTIVITIES ARE VARIOUS OILS, FLUORIDE, ALUMINUM, CHROMIUM,
TITANIUM, NITRATE, CYANIDE, ORGANIC SOLVENTS, ACID ETCHING SLUDGES, CHEMICAL TREATMENT SLUDGES, AND
PROPELLANTS.  FROM 1959 TO SEPTEMBER 1980, ALL THE WASTES THAT COULD NOT BE TREATED ON-SITE WAS DISPOSED OF
IN THE FIVE INACTIVE SITE PONDS.  TWO OF THE PONDS WERE USED ON A REGULAR BASIS, WHILE THE OTHER THREE WERE
USED SPORADICALLY.  THE PONDS COVER APPROXIMATELY 4.1 ACRES.  PONDS 1 AND 4 MAY HAVE BAD CLAY LINERS AT ONE
TIME.  HOWEVER, SITE INVESTIGATIONS INDICATE THAT NO POND IS COMPLETELY LINED WITH CLAY.

THE ONE ON-SITE LANDFILL, RIFLE RANGE LANDFILL, WAS ACTIVE FROM 1957 TO 1969.  FROM 1957 TO THE EARLY 1960S,
IT WAS USED AS A SOURCE FOR SAND AND GRAVEL.  FROM THE EARLY 1960S TO 1968, IT WAS USED FOR THE DISPOSAL OF
REFUSE, CONSTRUCTION DEBRIS, AND OTHER SOLID WASTES GENERATED ON-SITE.  IN 1969, IT WAS BACKFILLED AND
REGRADED.  IT COVERS APPROXIMATELY 11 ACRES, IS 1,200 FEET LONG AND BETWEEN 100 FEET AND 500 FEET WIDE.

MMAG BUILT A WASTEWATER TREATMENT PLANT IN THE M3 AREA DURING INITIAL DEVELOPMENT.  THE WASTEWATER TREATMENT
PLANT WAS DESIGNED TO HANDLE THE SEPTIC AND INDUSTRIAL WASTE GENERATED ON-SITE.  THE CURRENT TREATMENT
PROCESS INCLUDES CHEMICAL TREATMENT, PRECIPITATION, FILTRATION, AND SLUDGE SEPARATION.  INDUSTRIAL WASTE IS
STORED IN TANKS AND SUMPS BEFORE TRANSPORTATION TO THE WASTEWATER TREATMENT PLANT.  GROUND WATER FROM THE
EXTRACTION WELL SYSTEMS IS ALSO PIPED TO THE TREATMENT PLANT AND STORED IN A TANK PRIOR TO TREATMENT.  ALL
THE WASTEWATER IS STORED IN A TANK AFTER TREATMENT DURING CHEMICAL ANALYSIS TO DETERMINE COMPLIANCE WITH
STANDARDS OF THE DISCHARGE PERMIT.  THE EFFLUENT IS FINALLY DISCHARGED TO BRUSH CREEK UNDER PERMIT NUMBER
COPDES #CO-001511.

THE CURRENT CONTAINER STORAGE AREA HAS BEEN IN OPERATION SINCE RCRA REQUIREMENTS WENT IN EFFECT IN 1981.  ALL
WASTE THAT CANNOT BE TREATED ON-SITE IS CONTAINERIZED AND SHIPPED TO THE CONTAINER STORAGE FACILITY. MMAG IS
PRESENTLY SEEKING A RCRA OPERATING PERMIT.

ENFORCEMENT HISTORY

ON NOVEMBER 17,1980, PURSUANT TO SECTION 3005 OF RCRA, MMAG FILED A RCRA PART A APPLICATION FOR THE
TREATMENT, STORAGE, AND DISPOSAL OF HAZARDOUS WASTE AT THE FACILITY.  REVISED PART A APPLICATIONS WERE
SUBMITTED IN 1985, AND A PART B WAS SUBMITTED IN NOVEMBER 1985.  IN AUGUST 1990, MMAG SUBMITTED A REVISED
PART B APPLICATION WHICH IS UNDER REVIEW AT THE COLORADO DEPARTMENT OF HEALTH (CDH).

ON FEBRUARY 27 AND MARCH 14, 1985, CDH AND EPA, RESPECTIVELY, ISSUED ADMINISTRATIVE ORDERS REQUIRING MMAG TO
ADDRESS CONTAMINANT RELEASES THAT WERE DETECTED IN THE KASSLER AREA SOUTHEAST OF THE MMAG PROPERTY. THE MMAG
SITE WAS PROPOSED FOR LISTING ON THE NATIONAL PRIORITIES LIST (NPL) ON SEPTEMBER 5, 1985 BASED UPON THE
FINDING OF A SITE INSPECTION AND EVALUATION OF THE SITE RISKS USING THE HAZARD RANKING SYSTEM.  ON FEBRUARY
7, 1986, EPA AND MMAG SIGNED THE ADMINISTRATIVE ORDER ON CONSENT PURSUANT TO SECTION 106(A) OF CERCLA AND
SECTION 3008(H) OF RCRA.  UNDER THIS AGREEMENT, MMAG CONDUCTED A REMEDIAL INVESTIGATION AND FEASIBILITY STUDY
(RI/FS) IN ACCORDANCE WITH PROVISIONS OF THE NCP.  THE REMEDY IS BEING SELECTED UNDER THE NCP AND CERCLA. 
HOWEVER, EPA ANTICIPATES THIS REMEDY WILL BE IMPLEMENTED UNDER THE RCRA AUTHORITY.

HAZARDOUS WASTE MANAGEMENT UNITS AT THE MMAG FACILITY ARE UNDERGOING CLOSURE IN COMPLIANCE WITH A
ADMINISTRATIVE ORDER WITH CDH.  CDH WAS AUTHORIZED TO IMPLEMENT THE RCRA PROGRAM IN 1984 AND IS RESPONSIBLE
FOR REGULATING THE MMAG FACILITY.

THE HAZARDOUS AND SOLID WASTE AMENDMENTS (HSWA) OF 1984 EXPANDED THE SCOPE OF THE RCRA PROGRAM TO INCLUDE
PROVISIONS THAT ALLOW EPA TO REQUIRE CORRECTIVE ACTION WHEN THERE IS A RELEASE OF HAZARDOUS WASTE OR
CONSTITUENTS FROM ANY SOLID WASTE MANAGEMENT UNIT AT AN INTERIM STATUS OR PERMITTED FACILITY.  CDH NOW HAS
THE AUTHORITY TO REQUIRE CORRECTIVE ACTION AT FACILITIES OPERATING UNDER INTERIM STATUS OR A PERMIT,
INCLUDING THE MMAG FACILITY.  IT IS EPA POLICY TO DEFER PLACING SITES ON THE NPL THAT CAN BE ADDRESSED BY
RCRA CORRECTIVE ACTION AUTHORITIES. SINCE THE MMAG FACILITY SATISFIES THIS POLICY, EPA HAS DROPPED THE MMAG
SITE FROM THE PROPOSED NPL.  BECAUSE THE REMEDY SELECTED IN THIS ROD IS CONSISTENT WITH BOTH CERCLA AND RCRA,
THE REMEDY WILL BE IMPLEMENTED USING THE CORRECTIVE ACTION AUTHORITY UNDER RCRA.

MMAG OPERATES A WASTEWATER TREATMENT PLANT FOR WHICH CDH HAS ISSUED A COPDES PERMIT.  ADDITIONALLY, THE
FACILITY HAS A AIR EMISSIONS PERMIT FROM CDH.

PREVIOUS STUDIES

IN 1961, MMAG BEGAN SAMPLING SELECTED MONITORING WELLS FOR INORGANIC CONTAMINATION.  IN 1981 IN COMPLIANCE
WITH RCRA REGULATIONS, GROUND WATER MONITORING OF ALL RCRA AND NON-RCRA FACILITIES BEGAN.  IN FEBRUARY 1986,
LARGE SCALE SITE INVESTIGATIONS BEGAN.  A COMPLETE LISTING OF ALL THE REPORTS GENERATED CAN BE FOUND IN
TABLES 2, 3, AND 4 OF THE RI REPORT (GERAGHTY & MILLER, 1990A).  A BRIEF DESCRIPTION OF THE ACTIVITIES AND
RESULTS OF EACH REPORT CAN BE FOUND ON PAGES 6 THROUGH 19 OF THE FINAL RI REPORT.  THE RI WAS FINALIZED IN



MARCH 1990 AND THE FS WAS FINALIZED IN JUNE 1990.

REMEDIAL ACTIVITIES

BESIDES THE CLEANUP OF SOME SMALL SPILLS AND RCRA UNIT CLOSURES, THERE HAVE BEEN FOUR REMEDIATION EFFORTS
UNDERTAKEN AT THE SITE.  THE FIRST WAS THE BACKFILLING AND REGRADING OF THE RIFLE RANGE LANDFILL IN 1969.
THIS EFFORT DID NOT ADDRESS ANY OF THE CONTAMINANT SOURCES OR THE MIGRATION OF CONTAMINANTS.  THE SECOND
REMEDIATION EFFORT OCCURRED WHEN THE CONTENTS OF POND 2 WERE BULLDOZED INTO POND 1 AND ALL THE PONDS WERE
COVERED WITH SOIL FILL IN 1980.  THIS EFFORT DID LINE TO CONTAIN CONTAMINANT SOURCES OR TO PREVENT
CONTAMINANT MIGRATION.  THE THIRD EFFORT BECAME NECESSARY WHEN CONTAMINATION IN THE GROUND WATER WAS DETECTED
OFF-SITE.  IN SEPTEMBER 1985, MMAG BEGAN OPERATION OF A GROUND WATER RECOVERY SYSTEM ACROSS FILTER GULCH. 
BETWEEN 6,500 GALLONS AND 10,000 GALLONS OF CONTAMINATED GROUND WATER ARE RECOVERED EACH DAY AND SENT TO THE
WASTEWATER TREATMENT PLANT.  IN APRIL 1987, MMAG BEGAN OPERATION OF THE WEST BRANCH OF BRUSH CREEK RECOVERY
WELL SYSTEM.  THE 324-INCH RECOVERY WELLS IN A GRAVEL BACKFILLED TRENCH RECOVER BETWEEN 18,000 GALLONS AND
28,000 GALLONS OF CONTAMINATED WATER PER DAY.  THE WATER IS PIPE TO THE MMAG INDUSTRIAL WASTEWATER TREATMENT
PLANT (IWTP) FOR TREATMENT.

US AIR FORCE (PJKS) PROPERTY

THE US AIR FORCE OWNS APPROXIMATELY 464 ACRES WITHIN THE MMAG PROPERTY. IT IS AN NPL SITE, AND IT IS BEING
ADDRESSED SEPARATELY FROM THE MMAG SITE.

PORTIONS OF AN RI/FS HAVE BEEN CONDUCTED BY THE AIR FORCE, AND AN INTER AGENCY AGREEMENT IS BEING NEGOTIATED
WITH EPA, CDH AND THE AIR FORCE TO COMPLETE WORK AT THE SITE.

CONTAMINATION FROM THE AIR FORCE PROPERTY HAS MIGRATED ONTO MMAG PROPERTY.  THERE ARE TWO LOCATIONS, UPPER
REACHES OF BRUSH CREEK AND LARIAT GULCH, WHERE CONTAMINANTS EMANATE FROM AIR FORCE PROPERTY.  EPA ANTICIPATES
THAT SOURCE CONTROLS WILL BE ADDRESSED BY THE AIR FORCE, BUT GROUND WATER MAY BE ADDRESSED BY BOTH MMAG AND
THE AIR FORCE.

#CP
COMMUNITY PARTICIPATION

COMMUNITY RELATIONS ACTIVITIES FOR THE MMAG SITE BEGAN IN FEBRUARY 1986 WHEN EPA INTERVIEWED LOCAL OFFICIALS,
AREA RESIDENTS, VARIOUS GROUP REPRESENTATIVES, CDH PERSONNEL, AND OTHER EPA PERSONNEL.  THE INDIVIDUALS
REPRESENTED A CROSS-SECTION OF DIVERSE INTERESTS, INCLUDING STATE AND LOCAL GOVERNMENT, ENVIRONMENTAL GROUPS,
PEACE AND ANTI-NUCLEAR GROUPS, HOMEOWNER GROUPS, AND AREA BUSINESS AND CIVIC GROUPS.

THE INTERVIEWS WERE BASED ON QUESTIONS RECOMMENDED FOR ONSITE DISCUSSION AS OUTLINED IN THE "INTERIM
COMMUNITY RELATIONS IN SUPERFUND HANDBOOK," DATED 1983.  THE INTERVIEWS WERE CONDUCTED INFORMALLY AND
INTERVIEWS WERE ENCOURAGED TO EXPAND ON COMMENTS ACCORDING TO THEIR INTERESTS.  EPA ALSO MAINTAINED REGULAR
CONTACT WITH INTERESTED GROUPS AND INDIVIDUALS, CONGRESSIONAL OFFICES, THE GOVERNOR'S OFFICE OF COLORADO, AND
THE MAYOR'S OFFICE OF DENVER.

ON MARCH 24, 1986, EPA HELD A PUBLIC MEETING AT COLUMBINE HIGH SCHOOL TO EXPLAIN THE SUPERFUND PROCESS AND
THE ADMINISTRATIVE CONSENT ORDER ISSUED BY EPA IN FEBRUARY 1986 TO MARTIN MARIETTA.

ON MARCH 24,1986, EPA ALSO PRODUCED AN INITIAL FACT SHEET.  THIS FACT SHEET PROVIDED BACKGROUND INFORMATION
ON THE MMAG SITE, INFORMATION ON STUDIES TO OCCUR AT THE SITE, AND COMMUNITY RELATIONS INFORMATION.  THE FACT
SHEET ALSO REQUESTED COMMENTS ON THE RI/FS WORK PLAN AND ADDRESS INFORMATION.

ON MAY 29, 1986, INTERESTED GROUPS, MEMBERS OF GOVERNOR RICHARD LAMM'S STAFF, EPA, CDH, AND MMAG OFFICIALS
MET TO DISCUSS THE POSSIBLE FORMATION OF A GOVERNOR'S MONITORING COMMITTEE FOR THE MMAG SITE.  IT WAS DECIDED
THAT A MONITORING COMMITTEE WAS NOT NECESSARY.  HOWEVER, IT WAS AGREED THAT TO MAINTAIN COMMUNITY
INVOLVEMENT, EPA WOULD PRODUCE A SERIES OF INFORMATION UPDATES AND SCHEDULE QUARTERLY PUBLIC MEETINGS.

AS A RESULT, EPA PRODUCED ELEVEN INFORMATION UPDATES FROM JUNE 1986 THROUGH NOVEMBER 1989; SCHEDULED
QUARTERLY PUBLIC MEETINGS AS AGREED TO BY GOVERNOR RICHARD LAMM, INTERESTED CITIZENS, EPA, AND CDH; AND HELD
A SITE TOUR ON JUNE 8, 1986.  EPA HELD THE FIRST QUARTERLY PUBLIC MEETING FOR THE SITE ON JULY 17, 1986.

IN JUNE 1986, EPA FINALIZED THE COMMUNITY RELATIONS PLAN (CRP).  EPA BASED THE CRP ON INFORMATION GATHERED
THROUGH INTERVIEWS AND MEETINGS. THE RESULTING CRP OUTLINED CITIZEN CONCERNS AND IDENTIFIED THE METHODS BY
WHICH EPA WOULD KEEP CITIZENS INFORMED AND INVOLVED IN DECISIONS ABOUT STUDIES AT THE SITE.

ON SEPTEMBER 11, 1986, EPA ATTENDED A MEETING OF THE DEER CREEK MESA HOMEOWNER'S ASSOCIATION TO DISCUSS THE
AREA GEOLOGY, HYDROLOGY, AND THE STUDIES AT THE SITE IN RELATION TO HOMEOWNER WELLS.  EPA SUBSEQUENTLY



SAMPLED 10 WELLS IN THE AREA TO DETERMINE IF CONTAMINATION HAD REACHED ANY STABLE WELLS IN THE DEER CREEK
MESA AREA.

EPA ALSO COMPILED AND MAINTAINED A MAILING LIST OF APPROXIMATELY 300 NAMES AND ADDRESSES.  ANNOUNCEMENTS AND
UPDATES WERE REGULARLY SENT TO THIS MAILING LIST.  PUBLIC MEETINGS WERE REGULARLY ANNOUNCED IN THE
INFORMATION UPDATES AND IN LOCAL NEWSPAPERS.  EPA ALSO PRODUCED A NUMBER OF PRESS RELEASES DURING THE EARLY
STAGES OF ACTIVITY AT THE SITE ANNOUNCING THE ADMINISTRATIVE ORDER ON CONSENT, SITE ACTIVITIES, AND PUBLIC
MEETINGS.

BY SEPTEMBER 1987, EPA HAD HELD FIVE PUBLIC MEETINGS.  LESS THAN TEN COMMUNITY MEMBERS ATTENDED THE LAST
THREE MEETINGS.  DUE TO THIS LOW ATTENDANCE, EPA ISSUED A LETTER ON AUGUST 24, 1987 TO EVERYONE ON THE
MAILING LIST STATING THAT UNLESS THERE WAS SIGNIFICANT COMMUNITY OPPOSITION, EPA WOULD DISCONTINUE THE
QUARTERLY PUBLIC MEETINGS.  ONLY ONE LETTER WAS RECEIVED OPPOSING DISCONTINUATION OF THESE MEETINGS.  EPA
CONTINUED HOLDING PUBLIC MEETINGS AT KEY POINTS DURING THE REMAINING STAGES OF THE SUPERFUND STUDIES AT THE
SITE.

CHRONOLOGY OF COMMUNITY PARTICIPATION ACTIVITIES

RI DOCUMENTS

EPA OBTAINED PUBLIC COMMENT ON THE RI DOCUMENTS PRODUCED FOR THE SITE AS OUTLINED IN THE CRP.  INITIALLY,
MMAG SUBMITTED A DRAFT WORK PLAN FOR THE ENTIRE RI/FS TO EPA ON MARCH 10, 1986.  ON MARCH 11, 1986, EPA
PUBLISHED A PRESS RELEASE ANNOUNCING THE BEGINNING OF THE PUBLIC COMMENT PERIOD ON THE WORK PLAN AND TO
ANNOUNCE THE MARCH 24 PUBLIC MEETING. THE PUBLIC COMMENT PERIOD WAS SCHEDULED TO CONTINUE THROUGH MARCH
28,1986.

EPA OBTAINED PUBLIC COMMENT ON THIS DOCUMENT AT THE PUBLIC MEETING HELD AT COLUMBINE HIGH SCHOOL.  EPA ALSO
ACCEPTED PUBLIC COMMENTS IN WRITING, BY MAIL, AND OVER THE PHONE.  ALONG WITH THE PUBLIC COMMENTS RECEIVED,
EPA PROVIDED TECHNICAL COMMENTS TO MAG ON THE WORK PLAN DOCUMENT.  THE WORK PLAN ESTABLISHED THAT THE RI
WOULD BE PERFORMED IN THREE PHASES AND THAT A REPORT WOULD BE COMPLETED AND PUBLIC COMMENT RECEIVED ALTER
EACH PHASE.

IN JUNE 1987, EPA ANNOUNCED A REGULAR QUARTERLY MEETING.  EPA ALSO ANNOUNCED THAT PUBLIC COMMENTS WOULD BE
ACCEPTED ON THE PHASE 1 REPORT, WHICH DETAILED THE STUDIES CONDUCTED SINCE THE BEGINNING OF THE PROJECT. THE
REPORT ALSO INCORPORATED THE RESULTS OF HYDROGEOLOGIC, SOILS, AND WATER QUALITY INVESTIGATIONS AT THE
FACILITY SINCE OCTOBER 1985.  THE MEETING WAS HELD ON JUNE 23 AND THE PUBLIC COMMENT PERIOD ENDED ON JULY 10,
1987.  NO PUBLIC COMMENTS WERE RECEIVED DURING THAT TIME PERIOD.

ONCE PHASE 1 WAS COMPLETED, WORK BEGAN ON PHASE 2.  PHASE 2 WAS DESIGNED TO CONDUCT ADDITIONAL INVESTIGATIONS
AT SITES WITH THE MMAG FACILITY WHICH WERE IDENTIFIED IN PHASE 1 AS POTENTIAL SOURCES OF CONTAMINATION. PHASE
2 IDENTIFIED FOUR SITES THAT REQUIRED FURTHER STUDY.

1.   THE VERTICAL TEST FACILITY/GENERAL PURPOSE LAB DITCH (IN THE BRUSH CREEK VICINITY)

2.   THE ABANDONED WASTE LINES FROM THE CHEM MILL TO THE IWTP

3.   THE WEST SIDE OF THE FACTORY ACID AND ALKALINE SOLUTION SPILLS

4.   THE CHEMICAL STORAGE TANKS BETWEEN THE NORTH DOOR OF THE FACTORY AND THE HYDROSTAT TEST FACILITY

ON NOVEMBER 1, 1988, EPA HELD A PUBLIC MEETING TO DISCUSS THE RESULTS OF
   THE PHASE 2 INVESTIGATIONS.  SUBSEQUENTLY, PHASE 3 BEGAN AN EFFORT TO
   BETTER DETERMINE THE EXTENT OF CONTAMINATION AT THE FOUR LOCATIONS
   IDENTIFIED IN PHASE 2.

FEASIBILITY STUDY

AFTER COMPLETION OF THE THREE-PHASED RI, EPA AND MMAG COMPLETED AN FS DESCRIBING VARIOUS ALTERNATIVES FOR
SITE CLEANUP BASED ON CONTAMINANTS IDENTIFIED IN THE RI.  THE FS WAS FINALIZED IN JUNE 1990.

THE PUBLIC COMMENT PERIOD FOR THE FS AND PROPOSED PLAN BEGAN JUNE 28, 1990 AND ENDED ON AUGUST 27, 1990.  A
PUBLIC MEETING TO PROVIDE INFORMATION ON THE PREFERRED ALTERNATIVE AND TO COLLECT COMMENTS WAS HELD ON JULY
26, 1990 AT DEER CREEK JUNIOR HIGH SCHOOL.  THE PROPOSED PLAN, WHICH INCLUDED AN ANNOUNCEMENT OF THE PUBLIC
COMMENT PERIOD AND MEETING, WAS SENT TO ALL INDIVIDUALS ON THE MAILING LIST.  THE MEETING WAS ALSO ANNOUNCED
IN DISPLAY ADS IN THE DENVER POST, MOUNTAIN NEWS, AND THE LAKEWOOD AND LITTLETON SENTINELS.  THESE WERE ALSO
THE OFFICIAL NOTICES OF AVAILABILITY OF THE PROPOSED PLAN FOR REVIEW AND COMMENT. THE FS AND PROPOSED PLAN



WERE ADDED TO THE INFORMATION CENTERS FOR PUBLIC COMMENT.

LOCATION OF INFORMATION CENTERS

EPA IDENTIFIED FIVE INFORMATION CENTERS FOR AVAILABILITY OF SITE DOCUMENTS FOR PUBLIC REVIEW.  THE RI/FS,
PROPOSED PLAN, AND OTHER RELATED DOCUMENTS ARE AVAILABLE FOR REVIEW AT THESE FIVE LOCATIONS. OTHER RELATED
DOCUMENTS AVAILABLE AT THE CENTERS INCLUDE THE 1986 ADMINISTRATIVE ORDER ON CONSENT, PUBLIC HEALTH EVALUATION
AND ENVIRONMENTAL ASSESSMENT, VARIOUS GROUND WATER REPORTS, UPDATES, THE CRP, AND WORK PLANS.  THE LOCATIONS
ARE AS FOLLOWS:

   LAKEWOOD PUBLIC LIBRARY
   10200 W. 20TH AVENUE
   LAKEWOOD, CO 80215

   DENVER PUBLIC LIBRARY
   1357 BROADWAY
   DENVER, CO 80203

   COLORADO DEPARTMENT OF HEALTH
   ROOM 351
   4210 E. 11TH AVENUE
   DENVER, CO 80220

   COLUMBINE PUBLIC LIBRARY
   7706 W. BOWLES AVENUE
   LITTLETON, CO 80123

   EPA LIBRARY
   US ENVIRONMENTAL PROTECTION AGENCY
   999 18TH STREET, SUITE 215
   DENVER, CO 80202-2413

THE ADMINISTRATIVE RECORD IS ALSO AVAILABLE FOR PUBLIC REVIEW AT THE SUPERFUND RECORDS CENTER ON THE FIFTH
FLOOR OF THE EPA BUILDING, LOCATED AT 999 18TH STREET IN DENVER, COLORADO.

#SC
SITE CHARACTERIZATION

SOURCES OF CONTAMINATION

DURING THE COURSE OF 30 YEARS OF OPERATIONS AT THE FACILITY, CONTAMINATION OF THE SOIL AND WATER ON-SITE HAS
OCCURRED AND IS ATTRIBUTABLE TO SEVERAL SOURCES.  THE OBJECTIVE OF THE RI WAS TO IDENTIFY THOSE SOURCES AND
DEFINE THE NATURE AND EXTENT OF THE CONTAMINATION FROM THOSE SOURCES.  THE SCOPE OF THE RI WAS LIMITED TO
AREAS NOT ALREADY ADDRESSED UNDER THE RCRA PROGRAM IMPLEMENTED BY THE STATE OF COLORADO SINCE 1984. 
ADDITIONALLY, THE STUDY DID NOT INCLUDE THE US AIR FORCE (PJKS) PROPERTY BECAUSE THERE IS A SEPARATE RI/FS
BEING CONDUCTED FOR THE AIR FORCE PROPERTY WHICH IS A NPL SITE.

THE RI WAS CONDUCTED IN SEVERAL PHASES AND THE RESULTS OF EACH PHASE ARE DESCRIBED IN THE RI REPORT (GERAGHTY
& MILLER, MARCH 1990).  THE FINAL RI HAD IDENTIFIED THE INACTIVE SITE PONDS AS THE MAJOR SOURCE OF SOIL AND
GROUND WATER CONTAMINATION AT THE SITE.  ADDITIONAL AREAS OF CONTAMINATION THAT WERE EVALUATED IN THE LAST
PHASE OF THE RI, PHASE 2, INCLUDED THE CHEMICAL STORAGE TANK AREA, ABANDON WASTE LINE, THE VERTICAL TEST
FACILITY/GENERAL PURPOSE LAB DITCH AND THE WEST SIDE OF FACTORY SPILLS.  OF THESE ADDITIONAL LOCATIONS, THE
CHEMICAL STORAGE TANK AREA NEAR THE NORTH DOOR OF THE FACTORY IS THE ONLY LOCATION WHERE SIGNIFICANT LEVELS
OF CONTAMINATION WERE FOUND IN THE SOIL.

THE RIFLE RANGE LANDFILL WAS ALSO INVESTIGATED AND THE RESULTS SHOWED NO CONTAMINANT LEVELS OF CONCERN IN THE
LANDFILL.  THERE ARE LOW LEVELS OF GROUND WATER CONTAMINATION BELOW THE LANDFILL THAT MAY EMANATE FROM AREAS
UPGRADIENT.

AFFECTED MEDIA AND EVALUATION OF CONTAMINATION

THE INACTIVE SITE AREA, THE PRINCIPAL THREAT AT THE SITE, CONTAINS HIGHLY CONCENTRATED WASTE FROM THE
MANUFACTURING OPERATIONS.  THE WASTES TYPES INCLUDE WASTE OIL, WASTEWATER TREATMENT AND CHEMICAL PROCESSES
SLUDGES CONTAINING FLUORIDE, ALUMINUM, CHROMIUM, TITANIUM, NITRATE AND CYANIDE, AND HALOGENATED SOLVENTS. 
THESE SLUDGES INCLUDE WASTES CLASSIFIED AS F001, F002, F005 AND F019 RCRA LISTED WASTE.  THERE ARE FIVE PONDS
THAT WERE ORIGINALLY USED FOR WASTE DISPOSAL.  CONTAMINATION HAS SINCE MIGRATED INTO THE SOIL AND BEDROCK



SURROUNDING THE PONDS.  AN ESTIMATED 2,100 CUBIC YARDS (CY) OF WASTE AND 24,000 CY OF CONTAMINATED SOILS ARE
CONTAINED IN THE AREA.  BECAUSE THE GROUND WATER INTERSECTS PORTIONS OF THE INACTIVE SITE AREA AND
INFILTRATION HAS CARRIED CONTAMINANTS INTO THE GROUND WATER, EXTENSIVE GROUND WATER CONTAMINATION HAS ALSO
RESULTED.

BEDROCK AND ALLUVIUM HAVE BEEN HIGHLY CONTAMINATED BY CHEMICALS LEACHING FROM THE PONDS.  BELOW POND 1, WASTE
HAS INFILTRATED DIRECTLY INTO THE BEDROCK IN THE NORTHEASTERN EDGE OF THE POND AND CONTAMINATED SATURATED AND
UNSATURATED ALLUVIUM UNDER THE SOUTH CENTRAL AREA OF THE POND. CONCENTRATIONS IN THE ALLUVIAL GROUND WATER
ARE APPROXIMATELY AN ORDER OF MAGNITUDE HIGHER THAN IN PERCHED WATER FOUND IN THE INACTIVE SITE POND AREA. 
THIS INDICATES THAT CONTAMINANT LEVELS ARE LIKELY HIGHER IN THE ALLUVIUM THAN IN THE PONDS.

THE SOIL CONTAMINATION BELOW POND 1 (ALLUVIUM) IS NOT UNIFORM ACCORDING TO THE SOIL CORE SAMPLES.  THIS
SUGGESTS THAT THERE IS A DISCRETE NONAQUEOUS PHASE LIQUID (DNAPL) PHASE PRESENT.  MACKAY AND OTHERS (MACKEY,
1985) MAINTAIN THAT DUE TO DIFFUSIONAL LIMITATIONS AND DILUTION BY DISPERSION, THE WATER IN CONTACT WITH
ORGANIC LIQUID PHASES GENERALLY HAS CONTAMINANT CONCENTRATION LEVELS THAT RARELY EXCEED 10 PERCENT OF THE
SATURATION LIMIT.  THE GROUND WATER IN THE ALLUVIUM BELOW POND 1 HAS TCE IN CONCENTRATIONS EXCEEDING 19
PERCENT OF TCE SATURATION LIMIT.  IF THE DIRECTION OF ALLUVIAL GROUND WATER FLOW FOLLOWS THE SLOPE OF THE
BEDROCK SURFACE, THE ALLUVIAL GROUND WATER IS MOVING TO THE SOUTH. THERE IS THE POSSIBILITY THAT THE BEDROCK
DISCHARGES GROUND WATER TO THE ALLUVIUM UNDERNEATH OR UPGRADIENT OF POND 1.  THE AL DETERMINED THAT BEDROCK
GROUND WATER FLOW IS GREATEST PARALLEL TO STRIKE.  AN EXAMINATION OF THE WATER LEVEL DATA UPGRADIENT AND
PARALLEL TO THE STRIKE OF THE FOUNTAIN FORMATION INDICATES THAT THE WATER TABLE MUST DIP STEEPLY TO PREVENT
BEDROCK GROUND WATER FROM DISCHARGING INTO THE ALLUVIUM.  IT IS MORE LIKELY THAT THE WATER TABLE OBSERVED IN
THE BEDROCK UPGRADIENT IS HYDROLOGICALLY CONNECTED TO THE WATER TABLE PRESENT IN THE ALLUVIUM UNDER POND 1.

THE MATERIAL CONTAINED WITHIN POND 2 WAS MOVED INTO POND 1 IN 1980.  THE CORE LOGS OF THE SOIL BORINGS IN
POND 2 INDICATE THAT THERE IS NO WASTE MATERIAL LEFT.  CHEMICAL ANALYSIS OF SAMPLES TAKEN FROM WITHIN THE
PONDS HAVE LOW LEVELS OF VOCS (LESS THAN 100 MICROGRAMS PER KILOGRAM (UG/KG)) AND MODERATE LEVELS OF CHROMIUM
(UP TO 464 MILLIGRAMS PER KILOGRAM (MG/KG)).  POND 2 IS LOCATED DIRECTLY ABOVE THE BEDROCK AND THERE IS NO
ALLUVIUM OR ALLUVIAL GROUND WATER BELOW THE POND.

POND 3 IS ALSO LOCATED DIRECTLY ABOVE THE BEDROCK.  IT CONTAINS UP TO 5 FEET OF MIXED WASTE AND CLAY. 
DETECTABLE VOC CONCENTRATION LEVELS IN THE WASTE MATERIAL RANGE FROM 136 UG/KG CC 9,120 UG/KG AND THE
CHROMIUM CONCENTRATION RANGES FROM 9.6 MG/KG TO 44 MG/KG.  NO PIEZOMETERS HAVE BEEN INSTALLED IN POND 3;
THEREFORE THE BEST AVAILABLE EVIDENCE IN THE CORE LOGS SUGGESTS THAT THE WASTE MATERIAL IN THE POND AND THE
ALLUVIUM AROUND THE POND IS SATURATED.  THE LEVEL OF CONTAMINATION IN THE GROUND WATER AND THE LATERAL EXTENT
OF GROUND WATER CONTAMINATION ARE UNKNOWN.

SOIL AND GROUND WATER IN AND UNDER POND 4 ARE HIGHLY CONTAMINATED.  CORE SAMPLES TAKEN FROM THE WASTE
MATERIAL HAVE TCE CONCENTRATIONS AS GREAT AS 74,000 UG/KG AND CHROMIUM CONCENTRATIONS AS GREAT AS 42,500
MG/KG. THE ALLUVIUM BELOW THE PONDS HAS TCE CONCENTRATIONS AS GREAT AS 6,500,000 UG/KG (0.65 WT PERCENT) AND
CHROMIUM CONCENTRATIONS AS GREAT AS 5,360 MG/KG.  MORE SIGNIFICANT THAN THIS IS THE DISTRIBUTION OF THE TCE
WITH DEPTH.  A CONCENTRATION OF 6,500,000 UG/KG OF TCE WAS DETECTED IN A THREE FOOT CORE SAMPLE (SCB-28; 20
FEET TO 23 FEET) TAKEN FROM THE ALLUVIUM IN A LOW POINT IN THE BEDROCK.  THERE IS NO DISCRETE WASTE FOUND
DIRECTLY ABOVE WHERE THE SAMPLE WAS TAKEN.  SINCE 6,500,000 UG/KG IS SUBSTANTIALLY HIGHER THAN THE SOLUBILITY
OF TCE IN WATER (1,100,000 UG/L) AND SINCE THE AMOUNT OF ORGANIC CARBON NEEDED TO COMPLETELY ADSORB THE
EXCESS TCE IS APPROXIMATELY A ORDER OF MAGNITUDE HIGHER THAN EXPECTED, IT IS VERY LIKELY THAT THE TCE EXISTS
AS A DISCRETE PHASE.

LIKE POND 1, THERE ARE TWO DISTINCT LAYERS OF GROUND WATER IN POND 4. THE UPPER LAYER OCCURS AS PERCHED WATER
WITHIN THE POND.  WATER LEVEL MEASUREMENTS IN WELL GM-142 INDICATE THAT THE UPPER LAYER IS NOT PERMANENT.  IT
RANGES IN THICKNESS FROM NEAR 0 FEET TO OVER 6 FEET.  THE LOWER HYDROLOGIC LAYER OCCURS IN THE ALLUVIUM
APPROXIMATELY 7 FEET BELOW THE UPPER LAYER.  IT IS MORE THAN 4-FEET THICK.  THE UPPER LAYER HAS VOC
CONCENTRATIONS AS HIGH AS 13,200 UG/L AND THE LOWER LAYER HAS VOC CONCENTRATIONS AS HIGH AS 596,000 UG/L. 
THUS, THE TREND IN TCE CONCENTRATION OBSERVED IN THE SOIL BORINGS IS MIMICKED BY THE GROUND WATER.  THE
DIRECTION OF ALLUVIAL GROUND WATER FLOW FOLLOWS THE SLOPE OF THE BEDROCK SURFACE; THE ALLUVIAL GROUND WATER
IS MOVING TO THE SOUTHEAST.

THE LEVELS OF CONTAMINATION PRESENT IN AND UNDER POND 5 ARE THE HIGHEST MEASURED AT THE SITE.  THERE ARE ONLY
FOUR BORINGS WITHIN THE POND AREA AND ONLY ONE OF THESE WAS SAMPLED FOR CHEMICAL CHARACTERIZATION.  THE
HIGHEST MEASURED TCE CONCENTRATION IS 7,100,000 UG/KG FOR THE WASTE MATERIALS AND 3,300,000 UG/KG FOR THE
ALLUVIUM.  BOTH ARE SIGNIFICANTLY HIGHER THAN THE SOLUBILITY OF TCE IN WATER.  UNLIKE PONDS 1 AND 4, BOTH THE
WASTE MATERIAL AND THE ALLUVIUM ARE CONTAINED WITHIN ONE HYDROLOGIC LAYER.  POND 5 SITS IN A DEPRESSION IN
THE BEDROCK THAT IS LINED WITH APPROXIMATELY 3 FEET OF ALLUVIUM.  THE THICKNESS OF THE SATURATED ZONE ABOVE
THE BEDROCK IS ESTIMATED TO BE 7 FEET AND IT IS FLOWING TO THE SOUTHEAST.

THE HIGHEST OBSERVED CONTAMINANT CONCENTRATIONS IN PONDS 1,4, AND 5 ARE ALL LOCATED AT LOW SPOTS IN THE WASTE
MIX/ALLUVIUM INTERFACE OR ALLUVIUM/BEDROCK INTERFACE.  THE SIMILAR TREND IN ALL THE PONDS SUGGESTS THAT A



DENSE PHASE HAS MIGRATED INTO DEPRESSIONS.

A SUMMARY OF THE CHEMICALS OF POTENTIAL CONCERN IN THE INACTIVE SITE SOILS AND THE DETECTED CONCENTRATION
RANGE IS GIVEN IN TABLE 4-1.  A CROSS SECTION OF THE PONDS SHOWING CONTAMINANT PROFILES IS PRESENTED IN
APPENDIX B.

CONTAMINATION FROM THE PONDS HAS MIGRATED WITH THE BEDROCK AND ALLUVIAL GROUND WATER.  CONTAMINATION IN THE
BEDROCK HAS MIGRATED AT LEAST 800 FEET DOWN DIP IN THE FOUNTAIN FORMATION.  MOST OF THE CONTAMINATION
DETECTED NORTH OF THE PONDS CAN BE ATTRIBUTED TO DOWN DIP MIGRATION. ULTIMATELY, THE CONTAMINATION MIGRATING
DOWN DIP WILL MOVE TO DEPTHS OF OVER 6,000 FEET UNDER THE DENVER BASIN.  AS DESCRIBED IN SECTION 1.4, THE
FORMATIONS WHICH SUBCROP UNDER THE MMAG FACILITY ARE OVERLAIN BY APPROXIMATELY 5,000 FEET OF SHALE WHICH
SHOULD PREVENT CONTAMINATION FROM MOVING INTO UTILIZED AQUIFERS.  CONTAMINATION IS ALSO MIGRATING ALONG
STRIKE TO THE SOUTHEAST.  BOTH MIGRATION PARALLEL TO STRIKE AND RECHARGE FROM THE CONTAMINATED ALLUVIAL
AQUIFER CAN EXPLAIN THE DISTRIBUTION OF CONTAMINANTS IN THE BEDROCK SOUTH OF THE PONDS USING THE DATA ON
HAND.  IT IS IMPOSSIBLE TO DISTINGUISH HOW THE CONTAMINATION MIGRATED TO ITS PRESENT POSITION.  THE BEDROCK
SHOWS HIGH LEVELS OF CONTAMINATION OVER 2,000 FEET SOUTH ALONG STRIKE.  A RIDGE OF RESISTANT BEDROCK IS
PREVENTING LARGE AMOUNTS OF CONTAMINATION FROM ENTERING THE UPPER REACHES OF THE WEST BRANCH OF BRUSH CREEK. 
SIMILARLY, THE LYONS SANDSTONE IS PREVENTING LARGE AMOUNTS OF CONTAMINATION FROM ENTERING THE SSB AREA.  THE
AMOUNT OF CONTAMINATION MIGRATION ACROSS STRIKE IS UNKNOWN.  THE DISTRIBUTION OF CONTAMINATION IN THE RIFLE
RANGE LANDFILL AREA SUGGESTS THAT THERE IS ANOTHER TCE SOURCE BESIDES THE LANDFILL. THE MOST OBVIOUS SOURCE
IS THE INACTIVE SITE; HOWEVER THE EVIDENCE IS NOT CONCLUSIVE.

THE OTHER CONTAMINANT SOURCE AREA IDENTIFIED BY THE RI IS THE SOIL CONTAMINATION AROUND THE CHEMICAL STORAGE
TANKS.  THE FOUR CONTAMINANTS DETECTED IN THE SOIL AT THE CHEMICAL STORAGE TANK AREA ARE TCE,
1,1,1-TRICHLOROETHANE (TCA), 1,1-DICHLOROETHENE (DCE), AND TOTAL NITROGEN.  THE EXTENT OF CONTAMINATION
APPEARS TO BE LIMITED TO A SMALL AREA UNDER AND AROUND THE TANKS.

ADDITIONAL SOURCE AREAS FOR GROUND WATER CONTAMINATION EXIST IN THE M3 AREA, SSB AREA AND THE CHEMICAL
TECHNOLOGY LAB AREA.  THESE ARE RCRA REGULATED AREAS NOT INVESTIGATED AS PART OF THE RI.  LARGE COUNTS OF
TCA, TCE, DCE, ACETONE, CHROMIUM, AND OTHER CHEMICALS HAVE BEEN RELEASED TO THE GROUND WATER.  IN THE M3
AREA, THE GROUND WATER HAS BEEN SEVERELY CONTAMINATED IN THREE AREAS.  THE MOST CONTAMINATED AREA IS AT THE
NORTH END OF THE MANUFACTURING BUILDING.  CONCENTRATIONS OF TCA UP TO 2,600,000 UG/L HAVE BEEN DETECTED. 
OTHER CONTAMINANTS PRESENT INCLUDE TCE, DCE, ACETONE, METHYLENE CHLORIDE, AND CHROMIUM.  IN THIS AREA THERE
IS NO ALLUVIAL GROUND WATER, THEREFORE, ALL THE CONTAMINATION IS LOCATED IN THE BEDROCK AND THE BEDROCK
GROUND WATER.

THE SECOND CONTAMINATED AREA IS DOWN GRADIENT OF THE EVAPORATION POND, WHERE LEVELS OF TCA UP TO 110,000 UG/L
HAVE BEEN DETECTED.  OTHER CHEMICALS THAT HAVE BEEN DETECTED INCLUDE DCE AND CHROMIUM.  BOTH BEDROCK AND
ALLUVIAL GROUND WATER HAVE BEEN CONTAMINATED.  THE EVAPORATION POND IS NOW UNDERGOING RCRA CLOSURE UNDER THE
SUPERVISION OF CDH.

THE THIRD AREA OF CONTAMINATION IS DIRECTLY DOWN GRADIENT OF THE EVAPORATION POND NEAR THE SOUTH END OF THE
MANUFACTURING BUILDING.  TCE HAS BEEN DETECTED AT CONCENTRATIONS OF 150,000 UG/L.  TCA AND DCE ALSO OCCUR AT
HIGH LEVELS.  THERE IS A SOURCE FOR CONTAMINATION IN THIS AREA, BUT SOME OF THE TCA AND DCE MAY HAVE MIGRATED
FROM THE EVAPORATION POND. BOTH ALLUVIAL AND BEDROCK GROUND WATER ARE HIGHLY CONTAMINATED IN THIS AREA.  THE
GROUND WATER CONTAMINATION FROM THESE THREE SOURCE AREAS IS MIGRATING DOWN FILTER GULCH TOWARDS THE KASSLER
FACILITY.  THE CONTAMINATED ALLUVIAL GROUND WATER IS INTERCEPTED BY THE FILTER GULCH RECOVERY WELL SYSTEM. 
THE CONTAMINATED BEDROCK GROUND WATER IS MIGRATING OFFSITE NEAR FILTER GULCH.  BEFORE THE RECOVERY WELL
SYSTEM WAS INSTALLED, TCE FROM THESE SOURCES WAS DETECTED IN THE KASSLER AREA.

MOBILITY CONTAMINANTS

GROUND WATER

THE MIGRATION OF CONTAMINANTS IN THE ALLUVIAL GROUND WATER IS THE DOMINANT CONTAMINANT TRANSPORT PROCESS
ACTIVE AT THE SITE.  HIGH LEVELS OF CONTAMINATION HAVE MIGRATED INTO THE UPPER REACHES OF DRY GULCH. LESSER
AMOUNTS OF CONTAMINATION CONTINUE TO MIGRATE DOWNSTREAM INTO THE BRUSH CREEK DRAINAGE AND ALONG THE WEST
BRANCH OF BRUSH CREEK INTO THE SOUTH PLATTE ALLUVIUM AROUND THE KASSLER FACILITY.  THE CONCENTRATION OF TCE
IN THE HEADWATERS OF DRY GULCH IS AS HIGH AS 67,400 UG/L IN WELL GM-II.  ABOUT HALF WAY DOWN THE GULCH AT
WELL GM-80, THE CONCENTRATION OF TCE DROPS AN ORDER OF MAGNITUDE TO 5,680 UG/L.  AT THE POINT WHERE DRY GULCH
INTERCEPTS THE WEST BRANCH OF BRUSH CREEK, THE CONCENTRATION OF TCE IS ABOUT 1,800 UG/L.  ABOVE THE WEST
BRANCH OF BRUSH CREEK RECOVERY WELL SYSTEM, THE CONCENTRATION OF TCE RANGES FROM 36 UG/L TO 260 UG/L.

BELOW THE BRUSH CREEK GROUND WATER RECOVERY WELL SYSTEM, THE TCE CONCENTRATION IN THE GROUND WATER HI DROPPED
WITH TIME.  BEFORE OPERATION OF THE RECOVERY WELL SYSTEM, GM-69 HAD TCE CONCENTRATIONS AS HIGH AS 71 UG/L. 
AFTER NEARLY 1.5 YEARS OF OPERATION, THE CONCENTRATION IN THE GROUND WATER HAD DROPPED BELOW THE DETECTION



LIMIT.  ALL THE OTHER WELLS DOWN GRADIENT OF THE WEST BRANCH OF BRUSH CREEK RECOVERY WELL SYSTEM HAVE ALSO
SHOWN DECREASES IN THE LEVEL OF TCE CONTAMINATION.

NDMA AND CHROMIUM ARE TWO CONTAMINANTS OF CONCERN THAT HAVE MIGRATION CHARACTERISTICS DIFFERENT FROM TCE. 
NDMA IS VERY SOLUBLE IN WATER; THEREFORE THE SPEED AT WHICH IT WILL MOVE THROUGH THE SYSTEM IS DEPENDENT UPON
THE GROUND WATER VELOCITY.  THE BEHAVIOR OF CHROMIUM IS MADE MORE COMPLICATED BY THE DIFFERENT SOLUBILITIES
OF TRIVALENT CHROMIUM (CR+3) AND HEXAVALENT CHROMIUM (CR+6).  (CR+6) IS MUCH MORE SOLUBLE IN WATER THEREFORE
IT IS MUCH MORE MOBILE.  (CR+3) IS NOT VERY SOLUBLE, THEREFORE IT IS NOT VERY MOBILE.  MOST OF THE CHROMIUM
DETECTED AT THE INACTIVE SITE IS (CR+3).

ALTHOUGH THERE IS CONTAMINATION IN THE BEDROCK, THE CRETACEOUS AGE GRANCROS SHALE, GREENHORN LIMESTONE,
CARLISLE SHALE, NIOBRARA FORMATION AND PIERRE SHALE FORM A LAYER OF VERY LOW HYDRAULIC CONDUCTIVITY OVER
6,300 FEET THICK.  THE THICKNESS AND IMPERMEABILITY OF THIS SEQUENCE WILL PREVENT ANY CONTAMINATED GROUND
WATER IN THE BEDROCK FORMATIONS THAT SUBCROP UNDER THE MMAG SITE FROM IMPACTING THE UTILIZED AQUIFERS IN THE
DENVER BASIN.

SURFACE WATER AND SEDIMENTS

SAMPLES HAVE BEEN COLLECTED FOR CHEMICAL ANALYSIS DURING THE RI FROM THE FOLLOWING SURFACE WATER BODIES:

• BRUSH CREEK (BOTH BRANCHES AND LOWER BRUSH CREEK)
• FILTER GULCH
• LAST CHANCE DITCH
• SOUTH PLATTE RIVER
• LARIAT GULCH

SURFACE-WATER CONTAMINATION HAS BEEN DIRECTED IN BOTH BRANCHES OF BRUSH CREEK.  ON THE EAST BRANCH OF BRUSH
CREEK, THE MAJORITY OF THE CONTAMINATION APPEARS TO BE LIMITED TO TWO REACHES.  THE FIRST IS FROM THE US AIR
FORCE PROPERTY BOUNDARY TO DIRECTLY UPSTREAM OF THE RIFLE RANGE LANDFILL WHERE TCE, CIS-1,2-DCE,
TRANS-1,2-DCE AND TCA HAVE BEEN DETECTED AT MAXIMUM CONCENTRATIONS OF 57 UG/L, 5.2 UG/L, 9.7 UG/L AND 5.1
UG/L, RESPECTIVELY.  THE SECOND IS LOCATED DIRECTLY EAST OF THE SSB FACILITY.  TCE IS THE ONLY ORGANIC
CONTAMINANT FUND IN THIS PORTION OF BRUSH CREEK WITH CONCENTRATIONS RANGING FROM 14 UG/L TO 31 UG/L (GERAGHTY
& MILLER, 1990).

STREAM-FLOW RATES AND GROUND WATER FLOW DIRECTIONS INDICATED THAT BOTH THESE REACHES CONSISTENTLY EXHIBIT
GAINING CONDITIONS AND THAT CONTAMINATED GROUND WATER IS DISCHARGING TO THE STREAM.  IN ADDITION, THE
PRESENCE OF THESE CONTAMINANTS UPSTREAM OF THE PROPERTY BOUNDARY INDICATE A SOURCE IS ALSO LOCATED ON THE US
AIR FORCE PROPERTY (GERAGHTY & MILLER, 1990).

ON THE WEST BRANCH OF BRUSH CREEK THERE ARE THREE AREAS OF SURFACE-WATER CONTAMINATION.  SURFACE WATER
QUALITY HAS BEEN IMPACTED NEAR THE CONFLUENCE OF THE WEST BRANCH OF BRUSH CREEK AND THE DRY GULCH THAT TRENDS
SOUTHEAST FROM THE INACTIVE SITE AREA.  GROUND WATER MIGRATING DOWN THE DRY GULCH, THROUGH ALLUVIUM OVERLYING
THE FOUNTAIN FORMATION, SURFACES AT SEEPS APPROXIMATELY 50 FEET ABOVE THE CONFLUENCE.  SAMPLES COLLECTED AT
THE SEEPS EXHIBITED CIS-1,2-DCE AND VINYL CHLORIDE  CONCENTRATIONS RANGING FROM 5.5 UG/L TO 27 UG/L, AND FROM
3.4 UG/L TO 34 UG/L, RESPECTIVELY.

LOW LEVELS OF TCE HAVE ALSO BEEN DETECTED ADJACENT TO THE LOWER BRUSH CREEK RECOVERY SYSTEM AND APPROXIMATELY
500 FEET UPSTREAM OF THE PROPERTY BOUNDARY.  NO ORGANIC CONTAMINANTS HAVE BEEN DETECTED AT STATIONS LOCATED
DOWNSTREAM OF THE CONFLUENCE ON LOWER BRUSH CREEK.

STREAM SEDIMENTS WERE SAMPLED ON BOTH THE WEST AND EAST BRANCHES OF BRUSH CREEK AND ONLY TOLUENE WAS DETECTED
AT ONE LOCATION NEAR THE INERTIAL GUIDANCE LAB AT A CONCENTRATION OF 595 UG/L.

THE RELATIVELY LOW CONCENTRATIONS OF INORGANIC COMPOUNDS IN GROUND WATER BETWEEN THE INACTIVE SITE AND THE
UPPER WEST BRANCH OF BRUSH CREEK, AND THE EVIDENCE THAT BRUSH CREEK IS A LOSING STREAM ALONG THIS REACH
SUGGEST THAT PREVIOUS ACTIVITIES AT THE INACTIVE SITE HAVE NOT IMPACTED THE INORGANIC CHEMICAL QUALITY OF THE
STREAM SEDIMENTS OF THE WEST BRANCH OF BRUSH CREEK.

ALONG THE EAST BRANCH OF BRUSH CREEK, BIS(2-ETHYL)PHTHALATE WAS DETECTED (2,750 UG/L) IN THE STREAM SEDIMENTS
ADJACENT TO THE RIFLE RANGE LANDFILL (GERAGHTY & MILLER, 1987E).  AN INCREASE IN THE CONCENTRATIONS OF
INORGANIC CHEMICALS SUCH AS CHROMIUM (TOTAL AND HEXAVALENT), IRON, LEAD, FLUORIDE, TOTAL KJELDAHL NITROGEN
(TKN), SULFATE, COPPER, NITRATE/NITRITE, PHOSPHORUS, ALUMINUM, AND ZINC IN SEDIMENT SAMPLES COLLECTED AT
SURFACE WATER STATIONS ADJACENT TO AND JUST DOWNSTREAM OF THE RIFLE RANGE LANDFILL APPEARS TO REFLECT A
IMPACT TO STREAM SEDIMENT QUALITY FROM THE RIFLE RANGE LANDFILL (GERAGHTY & MILLER, 1990).

SEDIMENT SAMPLES WERE COLLECTED IN THE LOWER PORTION OF THE WEST BRANCH OF BRUSH CREEK AND ALONG LOWER BRUSH
CREEK, C4-C20 PETROLEUM HYDROCARBONS (26.0 MG/L) WERE DETECTED IN ONE SAMPLE.  FLUORANTHENE (2,390 UG/L) AND



PYRENE (2,430 UG/L) WERE ALSO DETECTED IN ONE SAMPLE AND MAY REFLECT THE IMPACT ON THE CREEK FROM STORM
DRAINS WHICH DIVERT RUNOFF FROM A NEARBY PARKING LOT (GERAGHTY & MILLER, 1990).

TCE IS THE PRIMARY ORGANIC CONTAMINANT DETECTED IN FILTER GULCH SURFACE WATER.  OTHER ORGANIC CONTAMINANTS
WHICH HAVE ALSO BEEN DETECTED IN FILTER GULCH ARE:

   PARAMETER                     RANGE OF CONCENTRATION (UG/L)

   1,1,1-TRICHLOROETHANE                 ND-68
   CIS-1 ,2-DICHLOROETHENE               ND-116
   1,1-DICHLOROETHANE         ND-273
   1,1-DICHLOROETHENE         ND-7.1
   BROMOFORM                             ND-5
   TCE                        ND-135
   VINYL CHLORIDE                      ND-2.7

FIVE SEDIMENT SAMPLES WERE COLLECTED IN FILTER GULCH.  VOCS WERE NOT DETECTED IN ANY OF THE SEDIMENT SAMPLES
NOR WERE THERE ANY INORGANIC CONSTITUENTS ABOVE THE ESTABLISHED BACKGROUND RANGE.

NO ORGANIC COMPOUNDS HAVE BEEN DETECTED IN SAMPLES FROM LAST CHANCE DITCH DURING THE RI.  HOWEVER, GROUND
WATER SEEPS IN LAST CHANCE DITCH SHOW LOW LEVEL ORGANIC CONTAMINANTS.

SURFACE WATER QUALITY SAMPLES COLLECTED FROM THE SOUTH PLATTE RIVER AT THE INTAKE OF DWD CONDUIT # 20,
LOCATED APPROXIMATELY THREE MILES UPSTREAM OF THE KASSLER TREATMENT PLANT, WERE ONLY FOUND TO CONTAIN THE
COMMON LABORATORY CONTAMINANT BIS(2-ETHYLHEXYL)PHTHALATE (24 UG/L).  THE REPORTED PRESENCE OF THIS CHEMICAL
IS ATTRIBUTABLE TO A LABORATORY BIAS. ADDITIONAL SAMPLES COLLECTED FROM THE SOUTH PLATTE RIVER AT VARIOUS
LOCATIONS IN THE KASSLER AREA BY MMAG, EPA AND DWD DURING 1983 AND 1985 WERE FREE OF DETECTABLE ORGANIC
COMPOUNDS.

NO ORGANIC COMPOUNDS HAVE BEEN DETECTED IN SURFACE WATER SAMPLES COLLECTED FROM LARIAT GULCH.  (CR+6) WAS
DETECTED DURING A MARCH 1987 SAMPLING ROUND AT THE METHOD DETECTION LIMIT (0.01 MG/L) FROM A SAMPLE COLLECTED
APPROXIMATELY 5,000 FEET DOWNSTREAM OF THE NORTHERN BOUNDARY OF THE US AIR FORCE PROPERTY.

ORGANIC COMPOUNDS HAVE BEEN DETECTED AT A SEEP ON THE HILLSIDE APPROXIMATELY 300 FEET NORTH OF THE PROPULSION
RESEARCH LAB (PRL).  TCE AND CIS-1,2-DCE WERE DETECTED AT CONCENTRATIONS OF 338 UG/L AND 16 UG/L,
RESPECTIVELY.  DATA DEVELOPED DURING THE ONGOING IRP AT THE US AIR FORCE FACILITY INDICATE THAT THIS SEEP IS
FED BY GROUND WATER IN THE BEDROCK (FOUNDATION FORMATION) AND IS DIRECTLY RELATED TO CONDITIONS IN THE
ALLUVIUM AT THE PRL (GERAGHTY & MILLER, 1990).

MODELING OF CONTAMINANT MIGRATION

A GROUND WATER CONTAMINANT TRANSPORT MODEL WAS DEVELOPED FOR THE MMAG SITE TO PREDICT THE CONCENTRATION OF
THE MAJOR CONTAMINANTS OF CONCERN AT SEVERAL EXPOSURE POINTS FOR WHICH A RISK ASSESSMENT WAS PERFORMED (SEE
SECTION 5.0).  EXPOSURE POINT CONCENTRATIONS WERE PREDICTED FOR AS MUCH AS 100 YEARS INTO THE FUTURE (1989 TO
2089).  FIRST, THE GROUND WATER FLOW MODEL WAS CALIBRATED TO THE WATER LEVELS AND VOLUMETRIC FLOW RATES AT
THE SITE.  OUTPUT FROM THE FLOW MODEL WAS THEN USED AS INPUT TO A CHEMICAL TRANSPORT MODEL WHICH PREDICTED
THE MIGRATION OF CONTAMINANTS AT THE MMAG FACILITY BETWEEN BEDROCK, ALLUVIUM, AND SURFACE WATERS.  AS AN
APPROXIMATION OF THE UNCERTAINTY ASSOCIATED WITH THE MODEL PREDICTIONS, SIMULATIONS WERE RUN WHICH USED
"UPPER BOUND" CHEMICAL CONCENTRATIONS AT THE CONTAMINANT SOURCES TO PREDICT MAXIMUM PLAUSIBLE EXPOSURE POINT
CONCENTRATIONS.

THE GROUND WATER FLOW MODEL OF THE MMAG FACILITY IS BASED UPON THE US GEOLOGICAL SURVEY (USGS) COMPUTER
PROGRAM FOR THE SIMULATION OF THREE-DIMENSIONAL GROUND WATER FLOW (TRESCOTT AND LARSON, 1976).  THE CHEMICAL
TRANSPORT MODEL WAS PREPARED BY S.S. PAPADOPULOS & ASSOCIATES (SSP&A, 1989).

EIGHT SOURCE AREAS WERE CONSIDERED IN THE CONTAMINANT TRANSPORT MODELING: THE EVAPORATION POND; THE
MANUFACTURING BUILDING AND ASSOCIATED FACILITIES THE M3 AREA; THE SPACE SUPPORT BUILDING AREA; THE INACTIVE
SITE; THE RIFLERANGEE LANDFILL; THE GENERAL PURPOSE LAB (GPL); THE CHEMICAL TECHNOLOGIES LAB (CTL); THE US
AIR FORCE PROPERTIES UPGRADIENT OF THE CTL; AND THE US AIR FORCE PROPERTIES UPGRADIENT OF THE MMAG FACILITY
ALONG THE EAST BRANCH OF BRUSH CREEK.

RESULTS OF THE CONTAMINANT TRANSPORT MODELING INDICATED THAT MOST OF THE TCE OBSERVED IN THE ALLUVIAL AND
BEDROCK GROUND WATER AND THE SURFACE STREAMS CAN BE EXPLAINED BY MIGRATION FROM THE INACTIVE SITE AND THE M3
AREAS AT A CONSTANT RATE.  IN FILTER GULCH THE TCE DISTRIBUTION WAS BEST MATCHED WHEN A CONSTANT TCE
CONCENTRATION OF 1,200 PARTS PER BILLION (PPB) WAS ASSUMED AT THE M3 AREA.  THIS IS SOMEWHAT LOWER THAN THE
ESTIMATED AVERAGE SOURCE CONCENTRATION OF 1,800 PPB.  IN DRY GULCH, WEST BRANCH OF BRUSH CREEK, AND BRUSH



CREEK, THE TCE DISTRIBUTION WAS ALMOST COMPLETELY EXPLAINED BY MIGRATION FROM THE INACTIVE SITE.

THERE WAS CONSIDERABLE DEBATE OVER DEVELOPING ESTIMATES OF THE UNCERTAINTY ASSOCIATED WITH THE MODEL RESULTS. 
EPA DETERMINED THAT DEVELOPING AN ACCURATE PROBABILITY DISTRIBUTION FOR EXPOSURE POINT CONCENTRATIONS WAS NOT
POSSIBLE GIVEN THE LARGE NUMBER OF PARAMETERS INVOLVED IN THE MODEL.  INSTEAD, IT WAS AGREED THAT ESTIMATES
WOULD BE MADE FOR THE "UPPER BOUND" EXPOSURE POINT CONCENTRATIONS AT THE EXPOSURE POINTS.  THE UPPER BOUND
CONCENTRATION AT A WELL WAS DEFINED AS THE MEAN CONCENTRATION PLUS TWO STANDARD DEVIATIONS.

EXPOSURE POINTS FOR WHICH THE UPPER BOUND CONCENTRATIONS WERE EVALUATED INCLUDED GROUND WATER WELLS ON- AND
OFF-SITE, SURFACE WATER IN BRUSH CREEK, THE SOUTH PLATTE AND SOILS ON-SITE ASSUMING RESIDENTIAL AND
INDUSTRIAL EXPOSURE SCENARIOS.  THE RESULTS OF THE RISK ASSESSMENT DESCRIBE THE RISK ASSOCIATED WITH THESE
POINTS OF EXPOSURE.

EVALUATION OF GROUND WATER REMEDIAL ALTERNATIVES

THE FOUR GROUND WATER ALTERNATIVES PRESENTED IN SECTIONS 6.6 THROUGH 6.9 WERE EVALUATED USING THE MODEL TO
DETERMINE THE AMOUNT OF TIME REQUIRED FOR GROUND WATER RESTORATION.  THE MODEL ASSUMED THAT ALL SOURCES WERE
REMOVED OR REMEDIATED.  THE REMEDIAL TIME FRAMES FOR GROUND WATER RESTORATION FOR EACH ALTERNATIVE ARE AS
FOLLOWS:

   ALTERNATIVE                  RESTORATION TIME

   GW-1                         MORE THAN 130 YEARS OFFSITE/70 YEARS ONSITE
   GW-2                         130 YEARS ON-SITE/MORE THAN 5 YEARS OFFSITE
   GW-3                         45 YEARS ON-SITE/MORE THAN 5 YEARS OFFSITE
   GW-4                         45 YEARS ON-SITE/MORE THAN 5 YEARS OFFSITE

IN SIMULATING THESE REMEDIAL ALTERNATIVES, THE CALIBRATED MODEL WAS MODIFIED SO THAT THE ALLUVIAL GROUND
WATER WAS COMPLETELY REMOVED AT REMOVED AT THESE POINTS.  THE WATER WAS THEN REINJECTED INTO THE SURFACE
WATER MODEL SEGMENT CORRESPONDING TO THE LOCATION WHERE OUTFLOW FROM THE TREATMENT SYSTEM ENTERS BRUSH CREEK.

CONTAMINATION TRANSPORT MODELING AT THE CHEM MILL, SSB, AND EVAPORATION POND

SOURCE AREAS AFFECTING GROUND WATER WHICH WERE NOT PART OF THE RI/FS BUT ARE CURRENTLY MANAGED UNDER RCRA
AUTHORITY, WERE EVALUATED AS PART OF A SITE-WIDE GROUND WATER REMEDIATION PLAN.  MODELING WAS USED TO ASSIST
IN THE SELECTION OF APPROPRIATE SYSTEMS WHICH WERE ADDED TO THE GROUND WATER ALTERNATIVES IN THE FS.

CORRECTIVE ACTION MEASURES AT THE CHEM MILL, SSB, AND EVAPORATION POND AREAS WERE EVALUATED USING COUPLED
GROUND WATER FLOW AND CONTAMINANT TRANSPORT MODELS AS DESCRIBED FOR THE SITE WIDE MODEL.  IN THE EVAPORATION
POND AREA THE SAME SITE WIDE MODELS DESCRIBED PREVIOUSLY WERE USED TO EVALUATE CONTAMINANT TRANSPORT.  AT THE
CHEM MILL AND SSB AREA, ADDITIONAL LOCALIZED MODELS WERE DEVELOPED IN A MANNER ANALOGOUS TO THE OVERALL SITE
MODEL.  GROUND WATER TRANSPORT WAS ESTIMATED BY CALIBRATING THE USGS'S THREE-DIMENSIONAL MODULAR FLOW PROGRAM
DEVELOPED BY MCDONALD AND HARBAUGH (1988) AND CONTAMINANT TRANSPORT WAS DETERMINED WITH A THREE-DIMENSIONAL
TRANSPORT CODE DEVELOPED BY SSP&A.

CONTAMINANTS SIMULATED IN THE CHEM MILL AREA INCLUDE TCE, TCA, AND HEXAVALENT CHROMIUM.  CONTAMINANT
TRANSPORT MODELING OF THE CHEM MILL AREA SIMULATED POTENTIAL CORRECTIVE MEASURES.  THESE INCLUDED (1)
PERFORATION AND WITHDRAWAL OF GROUND WATER FROM ALL FOUR SUMPS IN THE CHEM MILL BASEMENT AND (2) PERFORATION
AND GROUND WATER WITHDRAWAL FROM ALL FOUR SUMPS (AS IN 1) AND PUMPAGE OF GROUND WATER FROM 9 WELLS LOCATED IN
AREAS OF GROUND WATER CONTAMINATION.

MODEL SIMULATIONS INDICATED THAT PUMPING WATER FROM THE SUMPS IS AN EFFECTIVE METHOD OF REMOVING TCE AND TCA
FROM THE GROUND WATER.  IF A PUMPING ALTERNATIVE IS USED, TCA IS PREDICTED TO DECREASE BELOW THE MAXIMUM
CONTAMINANT LEVEL (MCL) IN LESS THAN 8 YEARS.  ADDITIONAL WELLS ARE REQUIRED TO ACHIEVE COMPARABLE REMOVAL OF
CHROMIUM FROM THE VICINITY OF THE HYDROSTATIC TEST TANK.  HEXAVALENT CHROMIUM IS NOT EASILY REMOVED DUE TO
ITS LIMITED MOBILITY IN THE GROUND WATER AS COMPARED TO THE VOCS.

MODELING AT THE SSB SIMULATED A SCENARIO INVOLVING PUMPING OF GROUND WATER FROM SEVEN WELLS IN THE AREA ALL
OF WHICH SHOW SIGNS OF GROUND WATER CONTAMINATION.  THE TOTAL FLOW TO THE SEVEN WELLS IN THE REMEDIAL
ALTERNATIVE WAS LESS THAN 0.1 GPM.  FURTHERMORE, BASED UPON MONITORING DATA, THE MODEL PREDICTED THE ACETONE
CONCENTRATIONS WOULD DROP BELOW 2,400 PPB (THE 10-6 RISK LEVEL) IN 10 YEARS.  ADDITION OF EXTRACTION WELLS
WOULD NOT APPRECIABLY ALTER THIS OUTCOME WITH RESPECT TO THE TIME REQUIRED TO ACHIEVE THE CLEANUP LEVEL.

SIMULATIONS OF REMEDIAL ALTERNATIVES IN THE EVAPORATION POND AREA CONSIDERED THE TRANSPORT OF TCA.  MODELING
RESULTS INDICATED THAT TCA CONCENTRATION IN THE ALLUVIAL GROUND WATER WOULD BE DECREASED SIGNIFICANTLY IN 10
YEARS UNDER A SCENARIO OF SOURCE CONTROL BY FIXATION AND CAPPING.  SOURCE CONTROL DOES NOT HAVE A SIGNIFICANT



IMPACT ON BEDROCK TCA CONCENTRATIONS IN THIS SAME TIME FRAME DUE TO THE LOWER GROUND WATER VELOCITY.

#SSR
SUMMARY OF SITE RISK

A PUBLIC HEALTH EVALUATION (PHE) AND ECOLOGICAL ASSESSMENT (EA) WERE PERFORMED FOR THE MMAG SITE BY CLEMENT
ASSOCIATES, INC. (CAI, 1990). THE INFORMATION PRESENTED IN THIS SECTION IS SUMMARIZED FROM THAT REPORT.  THE
PURPOSE OF THE PHE AND EA WAS TO EVALUATE THE RISK TO HUMAN HEALTH AND THE ENVIRONMENTAL IMPACTS WHICH MIGHT
BE ASSOCIATED WITH THE MMAG SITE UNDER CURRENT OR POTENTIAL FUTURE CONDITIONS OF LAND USE.  THE PHE AND EA
CONSTITUTE A BASELINE RISK ASSESSMENT.  THEY ARE BASED ON THE ASSUMPTION THAT NO REMEDIAL ACTION OR
MITIGATION PROCEDURES ARE INSTITUTED OR IN PLACE THAT MIGHT LOWER THE CONCENTRATIONS OR REDUCE THE EFFECTS OF
CONTAMINATION IDENTIFIED IN VARIOUS MEDIA ON THE SITE.  THE RISKS ASSOCIATED WITH THE SITE WERE EVALUATED TO
FACILITATE SELECTION OF REMEDIAL ACTIONS AT THE SITE.

CONTAMINANT IDENTIFICATION INFORMATION

CONTAMINANT CONCENTRATIONS USED IN THE RISK ASSESSMENT WERE OF TWO TYPES:

1. VALIDATED SAMPLING DATA

2. DATA GENERATED BY COMPUTER MODELING THAT RESULTED IN ESTIMATED CHEMICAL CONCENTRATIONS AT LOCATIONS
   DOWNSTREAM FROM KNOWN SOURCES FOR FUTURE AND PRESENT CONDITIONS.

THESE DATA WERE USED TO IDENTIFY THE MEDIA AND CONTAMINANTS OF CONCERN, TO CALCULATE THE ASSOCIATED HEALTH
RISKS, AND TO EVALUATE POTENTIAL ENVIRONMENTAL EFFECTS.

MEDIA OF CONCERN

THREE MEDIA OF CONCERN WERE IDENTIFIED BECAUSE THEY COULD BE PATHWAYS OF EXPOSURE TO CONTAMINANTS ORIGINATING
ON THE MMAG SITE: SOIL, SURFACE WATER, AND GROUND WATER.  THE BASIS FOR SELECTION OF THESE MEDIA WAS THE
PRESENCE OF SIGNIFICANT CONCENTRATIONS OF CONTAMINANTS AND THE POTENTIAL FOR HUMAN EXPOSURE AND ENVIRONMENTAL
EFFECTS ASSOCIATED WITH THESE CONCENTRATIONS.

AIR WAS NOT SELECTED AS A MEDIA OF CONCERN BECAUSE AIR MONITORING DATA SHOWED NO INORGANIC CONTAMINATION AND
INSIGNIFICANT CONTAMINATION (LOW CONCENTRATIONS DETECTED ONLY ONCE) OF VOCS.  TRANSPORT OF NON-VOLATILE
COMPOUNDS BY AIRBORNE DUSTS WAS NOT CONSIDERED IN THE RISK ASSESSMENT EXCEPT FOR THE CASE OF ON-SITE
CONSTRUCTION WORKERS INVOLVED IN ACTIVITIES THAT DISTURB SUBSURFACE SOIL FOR LIMITED PERIODS OF TIME.

SEDIMENT WAS NOT CONSIDERED A MEDIUM OF CONCERN BECAUSE SAMPLING DATA INDICATED NO SIGNIFICANT CONTAMINATION
WITHIN THAT MEDIUM.

CONTAMINANTS OF CONCERN IN EACH MEDIUM

CHEMICALS OF POTENTIAL CONCERN FOR THE RISK ASSESSMENT WERE SELECTED BY A PROCESS OF ELIMINATION.  SAMPLING
DATA FOR EACH CHEMICAL WERE SCRUTINIZED AND COMPARED TO SELECTION CRITERIA.  THE FOLLOWING CRITERIA WERE USED
TO ELIMINATE A DETECTED CONTAMINANT FROM FURTHER CONSIDERATION:

• THE CONTAMINANT WAS NOT SPECIFICALLY IDENTIFIED IN THE SAMPLING RESULTS BUT WAS REPORTED ONLY
AS A CHEMICAL CLASS.

• NO TOXICITY CRITERIA EXIST WITH WHICH TO EVALUATE THE HEALTH OR ENVIRONMENTAL EFFECTS OF THE
IDENTIFIED CHEMICAL.

• THE CHEMICAL CONCENTRATION WAS NOT ABOVE LOCAL OR REGIONAL BACKGROUND CONCENTRATIONS.

• THE CHEMICAL WAS DETECTED WITH A FREQUENCY OF LESS THAN 5 PERCENT OR ONLY ONCE, AND WAS NOT
DETECTED FREQUENTLY ABOVE BACKGROUND IN RELATED MEDIA.

• THE SAMPLING DATA DID NOT MEET LEVEL 4 CRITERIA FOR DATA QUALITY OBJECTIVES (DQOS) AS DEFINED
BY EPA (EPA, 1987) AND THE CHEMICAL WAS NOT DETECTED ABOVE BACKGROUND LEVELS IN RELATED MEDIA.

IN ADDITION, ONLY DISSOLVED METALS WERE CONSIDERED IN GROUND WATER (THAT IS ONLY THE METALS DETECTED IN
FILTERED GROUND WATER SAMPLES) WITH THE EXCEPTION OF HEXAVALENT CHROMIUM.  TOTAL METALS (METALS DETECTED IN
UNFILTERED SAMPLES) WERE CONSIDERED IN SELECTION OF CHEMICALS OF CONCERN FOR SURFACEWATER.  RADIOACTIVE
PARAMETERS WERE NOT CONSIDERED BECAUSE OF THE PROXIMITY OF URANIUM-BEARING GEOLOGICAL ZONES AND MINIMAL
HISTORIC USE OF RADIOACTIVE COMPOUNDS ON THE SITE.



CHEMICALS OF POTENTIAL CONCERN WERE IDENTIFIED SEPARATELY IN EACH OF 11 DIFFERENT GEOGRAPHIC AREAS FOR GROUND
WATER, 9 DIFFERENT AREA OF SURFACE FLOW FOR SURFACE WATER, AND 9 GEOGRAPHIC AREAS FOR SOIL CONTAMINATION. UP
TO 53 CHEMICALS WERE DETERMINED TO BE OF POTENTIAL CONCERN EACH OF THESE AREA, WITH THE LARGEST NUMBER BEING
PRESENT IN THE SOILS AND GROUND WATER IN THE INACTIVE SITE AREA.  CLASSES OF CHEMICALS DESIGNATED TO BE OF
CONCERN INCLUDED:

• CHLORINATED ALIPHATIC ORGANIC COMPOUNDS ACCOUNTED FOR MOST OF THE CHEMICALS OF CONCERN
CONSIDERED AND INCLUDED TCE, TETRACHLOROETHYLENE, 1,1,1-TCA AND A SUITE OF TRANSFORMATION
PRODUCTS INCLUDING VINYL CHLORIDE

• AROMATIC COMPOUNDS INCLUDING BENZENE, TOLUENE, PHENOLS, AND XYLENES

• HYDRAZINES AND THE TRANSFORMATION PRODUCT NDMA

• POLYCYCLIC AROMATIC HYDROCARBONS (PAH) INCLUDING BENZOL(A)PYRENE

• POLYCHLORINATED BIPHENYLS (PCBS)

• INORGANIC COMPOUNDS INCLUDING FLUORIDE, NITRATES AND NITRITES, CYANIDE, AND AT LEAST 16 METALS
INCLUDING HEXAVALENT CHROMIUM, ARSENIC, LEAD, CADMIUM, AND BERYLLIUM

THE COMPLETE LISTING OF CHEMICALS OF CONCERN FOR EACH MEDIA IN EACH GEOGRAPHIC AREA IS PROVIDED IN TABLES 2-5
THROUGH 2-8 IN THE PHE (CAI, 1990).

CONCENTRATION OF CHEMICALS

IN GENERAL, CONCENTRATIONS OF CHEMICALS ARE HIGHEST IN GROUND WATER AND SOIL AND LOWEST IN SURFACE WATER ON
THE SITE.  OF THE 11 GEOGRAPHIC AREAS ON THE SITE THAT WERE INVESTIGATED, THE MOST CONTAMINATED AREAS BOTH IN
NUMBERS OF CONTAMINANTS AND CONCENTRATIONS OF CONTAMINANTS ARE THE INACTIVE SITE AND THE M3 AREA.  THE FILTER
GULCH AREA IS ALSO ASSOCIATED WITH RELATIVELY MORE CONTAMINANTS OR HIGHER CONCENTRATIONS OF CONTAMINANTS THAN
OTHER SITE AREAS.

CONCENTRATIONS OF ORGANIC CONTAMINANTS IN GROUND WATER WERE GENERALLY IN THE PPB RANGE BUT A LARGE NUMBER OF
ORGANIC AND INORGANIC CONTAMINANTS WERE FOUND IN PARTS PER MILLION (PPM) CONCENTRATIONS IN AT LEAST ONE
GEOGRAPHIC AREA INCLUDING:

• THE KETONES ACETONE AND 2-BUTANONE

• THE CHLORINATED ALIPHATIC COMPOUNDS METHYLENE CHLORIDE, TCE, TETRACHLOROETHYLENE, 1,1,1-TCA AND
THE TRANSFORMATION PRODUCTS CIS- AND TRANS-1,2-DCE, 1,1-DCE, AND 1,1-DCA

• THE AROMATIC COMPOUNDS TOLUENE AND TOTAL XYLENES

• THE NITROGEN CONTAINING ORGANIC COMPOUND MONOMETHYL HYDRAZINE

• INORGANIC COMPOUNDS INCLUDING THE METALS HEXAVALENT CHROMIUM, TOTAL CHROMIUM, ARSENIC, IRON,
MANGANESE, MERCURY, SILVER, COPPER, ALUMINUM, THE HALOGEN FLUORIDE, THE NITROGEN-CONTAINING
INORGANIC COMPOUNDS NITRATE AND NITRITE, AND AMMONIA.

OF THE ORGANIC CONTAMINANTS, TCE CONTAMINATION GROUND WATER WAS THE HIGHEST AND MOST WIDESPREAD: TCE WAS
DETECTED IN NINE GROUND WATER STUDY AREAS AND WAS FOUND IN PPM CONCENTRATIONS IN FIVE GROUND WATER STUDY
AREAS ON-SITE.  RELATED CHLORINATED COMPOUNDS AND TRANSFORMATION PRODUCTS WERE ALSO WIDESPREAD, ALTHOUGH NOT
GENERALLY IN SUCH RELATIVELY HIGH CONCENTRATIONS.

HEXAVALENT CHROMIUM WAS DETECTED IN SIX STUDY AREAS ALTHOUGH IT WAS ELIMINATED AS A CHEMICAL OF POTENTIAL
CONCERN FOR THE RISK ASSESSMENT IN THREE STUDY AREAS.  IT WAS FOUND IN PPM CONCENTRATIONS IN TWO AREAS; BE M3
AREA AND THE INACTIVE SITE.

THE IMPORTANT TRANSFORMATION PRODUCTS VINYL CHLORIDE AND NDMA WERE EACH FOUND IN CONCENTRATIONS GREATER THAN
100 PPB IN THE FILTER GULCH AREA AND THE INACTIVE SITE AREA, RESPECTIVELY.  VINYL CHLORIDE WAS ALSO DETECTED
IN ONE OTHER GROUND WATER STUDY AREA.

THE CONTAMINANT CONCENTRATIONS IN GROUND WATER USED IN THE RISK ASSESSMENT ARE TABULATED IN TABLES A-1
THROUGH A-11 IN THE PHE (CAI, 1990).



THE NUMBER AND CONCENTRATION OF SOIL CONTAMINANTS WAS HIGHEST IN THE INACTIVE SITE AND M3 AREAS WHERE A TOTAL
OF 44 CHEMICALS WERE DETECTED IN PPM CONCENTRATIONS INCLUDING:

• TCE, TETRACHLOROETHYLENE, AND RELATED COMPOUNDS
• FIVE BENZENE-RELATED COMPOUNDS
• ELEVEN PAHS
• FOUR PCBS
• EIGHT METALS INCLUDING HEXAVALENT CHROMIUM
• OTHER INORGANIC COMPOUNDS INCLUDING CYANIDE

ADDITIONALLY, IN THESE TWO AREAS THE METALS ALUMINUM, BARIUM, COPPER, AND TOTAL CHROMIUM (INCLUDING
HEXAVALENT) WERE MEASURED IN PARTS PER THOUSAND CONCENTRATIONS (THAT IS FOR EVERY KILOGRAM OF SOIL THERE WAS
ONE GRAM OF THESE METALS AT THE SAMPLED LOCATION).  VINYL CHLORIDE WAS ALSO DETECTED IN THESE TWO AREAS AT A
CONCENTRATION GREATER BA 100 PPB.

SOIL CONCENTRATIONS OF CONTAMINANTS DETECTED IN ALL STUDY AREAS ARE TABULATED IN TABLES A-23 THROUGH A-31 OF
THE PHE (CAI, 1990).

SURFACE WATER ON-SITE WAS ASSOCIATED WITH CONCENTRATIONS OF CHEMICALS IN THE PPB RANGE AND WITH FEWER
DETECTED COMPOUNDS, PRIMARILY METALS AND FEW ORGANIC CHEMICALS, MOST NOTABLY TCE.  IRON AND NITRATE WERE
DETECTED AT LEAST ONCE IN ON-SITE SURFACE WATER IN THE PPM RANGE.  THE ALIPHATIC COMPOUND TCE WAS DETECTED AT
A MAXIMUM CONCENTRATION OF GREATER THAN 100 PPB IN LARIAT GULCH SURFACE WATER.  VINYL CHLORIDE WAS DETECTED
IN THE FILTER GULCH SURFACE WATER AT APPROXIMATELY 3 PPB.  TABLES A-12 THROUGH A-22 OF THE PHE PRESENT THE
COMPLETE RESULTS OF CONTAMINANT CONCENTRATIONS DETECTED IN SURFACE WATER INCLUDING THE SOUTH PLATTE RIVER
SAMPLING RESULTS (CAI, 1990).

EXPOSURE ASSESSMENT INFORMATION

HUMAN EXPOSURE TO CONTAMINANTS OF CONCERN IDENTIFIED ON THE MMAG SITE WERE ASSESSED BASED ON THE PRESENCE OF
CONTAMINANTS IN THE THREE PRIMARY MEDIA OF CONCERN (SOIL, GROUND WATER, AND SURFACE WATER) AND THE LIKELIHOOD
OF HUMAN CONTACT WITH HOSE MEDIA BY INHALATION, INGESTION, AND DERMAL CONTACT.  EXPOSURES TO NON-HUMAN
SPECIES WERE EVALUATED BASED ON CHEMICAL CONCENTRATIONS IN SOIL AND SURFACE WATER AND THE LIKELIHOOD OF
DIRECT CONTACT WITH THESE CONTAMINANTS BY WILDLIFE OR PLANT SPECIES. EPA REQUIRED THE EVALUATION OF DOMESTIC
USE OF GROUND WATER ON-SITE AS A REASONABLE MAXIMUM EXPOSURE SCENARIO.

EXPOSURE PATHWAYS

FOR HUMANS, THE FOLLOWING MAJOR PATHWAYS WERE EVALUATED:

• INGESTION OF VENISON OR FISH THAT HAD CONTACTED SITE CONTAMINANTS IN SOILS AND SURFACE WATER ON
OR PROXIMATE TO THE MMAG SITE

• DIRECT CONTACT WITH CONTAMINATED SOILS IN DIFFERENT GEOGRAPHIC AREAS ON-SITE BY INCIDENTAL
INGESTION, INHALATION, AND DERMAL ABSORPTION

• DOMESTIC USE OF SURFACE OR GROUND WATER AT VARIOUS SAMPLED EXPOSURE POINTS RESULTING IN
EXPOSURE BY INGESTION AND INHALATION OF CONTAMINANTS VOLATILIZING FROM WATER DURING USE

NINETEEN POTENTIAL PATHWAYS WERE INITIALLY CONSIDERED BUT ONLY 11 WERE EVALUATED AS LIKELY TO BE COMPLETE. 
ALL PATHWAYS CONSIDERED ARE TABULATED IN TABLES 4-2 AND 4-6 OF THE PHI (CAI, 1990).

FOR WILDLIFE AND PLANTS THE FOLLOWING EXPOSURE PATHWAYS WERE IDENTIFIED:

• DIRECT CONTACT WITH CONTAMINANTS IN SOIL BY INHALATION, INGESTION, AERIAL DEPOSITION AND
ABSORPTION (SUCH AS DEPOSITION ON PLANTS), OR DERMAL EXPOSURE (SUCH AS DURING BURROWING
BEHAVIOR)

• DIRECT CONTACT WITH CONTAMINANTS IN SURFACE WATER BY INGESTION, BY DERMAL ABSORPTION DURING
BATHING OR SWIMMING, OR FOR FISH DURING RESPIRATION THROUGH GILLS

• DIRECT CONTACT WITH CONTAMINATED SEDIMENTS BY WADING ANIMALS OR BIRDS, OR BY INGESTION BY
BOTTOM-FEEDING INVERTEBRATES OR FISH INDIRECT CONTACT WITH CONTAMINANTS ORIGINATING ON THE MMAG
SITE BY INGESTION OF CONTAMINATED PREY OR VEGETATION

MOST OF THESE PATHWAYS WERE CONSIDERED ONLY QUALITATIVELY IN THE ASSESSMENT BECAUSE DATA ARE LACKING FOR
QUANTITATIVE EVALUATION.



POTENTIAL EXPOSED POPULATIONS

POTENTIALLY EXPOSED HUMAN POPULATIONS WERE IDENTIFIED TO INCLUDE THE FOLLOWING:

• DEER HUNTERS ON THE SITE AND PERSONS FISHING IN THE NEARBY SOUTH PLATTE RIVER OR THE DIVISION
OF WILDLIFE PONDS

• WORKERS AT THE MMAG SITE WORKING AT SPECIFIC OUTDOOR LOCATIONS

• DOMESTIC USERS OF WATER FROM THE CHATFIELD RESERVOIR DOWNSTREAM FROM THE SITE

• HYPOTHETICAL RESIDENTS LIVING ON-SITE

ANIMAL AND PLANT POPULATIONS POTENTIALLY EXPOSED INCLUDE:

• RARE, THREATENED, OR ENDANGERED SPECIES INCLUDING A PLANT RARE ONLY IN COLORADO, THE ANNUAL
THREEAWN, AND TWO FEDERALLY-LISTED ENDANGERED SPECIES: THE BALD EAGLE AND THE PEREGRINE FALCON

• PLANT, TERRESTRIAL ANIMAL, AND BIRD SPECIES ASSOCIATED WITH THE VARIETY OF HABITATS ON OR
PROXIMATE TO THE SITE THAT RANGE FROM GRASSLANDS TO MOUNTAIN HABITATS AND INCLUDE RIPARIAN
HABITATS ALONG THE SOUTH PLATTE RIVER AND THE CHATFIELD RESERVOIR

• AQUATIC SPECIES IN THE SOUTH PLATTE RIVER AND THE CHATFIELD RESERVOIR INCLUDING GAME FISH AND
THE POPULATIONS OF SPECIES THAT SUPPORT THEM

• THE POPULATIONS OF FISH, INVERTEBRATE, AND PLANT SPECIES THAT MAY LIVE OR RANGE INTO THE
ON-SITE STREAMS OF BRUSH CREEK, DRY CREEK, FILTER GULCH, AND LARIAT GULCH SOME OF WHICH HAVE
PERENNIAL FLOW IN CERTAIN PORTIONS OF THEIR COURSES THROUGH AND OFF THE SITE

MONITORING OR MODELING DATA AND ASSUMPTIONS USED TO CHARACTERIZED EXPOSURE POINT CONCENTRATIONS

BOTH MONITORING AND MODELING DATA WERE USED TO ESTIMATE EXPOSURE CONCENTRATIONS.  MONITORING DATA FROM
ON-SITE SOIL, SURFACE WATER, GROUND WATER SAMPLING, AND AIR MONITORING DATA WERE USED FOR MOST ON-SITE
EXPOSURE POINTS.  OFF-SITE SAMPLING DATA THAT WAS COLLECTED INCLUDED SURFACE WATER SAMPLES COLLECTED FROM THE
KASSLER AREA, THE SOUTH PLATTE RIVER, AND THE LAST CHANCE DITCH.  GEOMETRIC MEAN AND MAXIMUM VALUES WERE USED
TO EVALUATE THE AVERAGE AND PLAUSIBLE MAXIMUM EXPOSURES, RESPECTIVELY.

THE MIGRATION OF CONTAMINANTS IN GROUND WATER WAS MODELED FROM SEVEN MAJOR SOURCE AREAS ASSUMING LINEAR
ADSORPTION.  CONTAMINANT CONCENTRATIONS WERE ESTIMATED BY MODELING FOR OFF-SITE EXPOSURE POINTS AND FOR SOME
GROUND WATER POINTS ON-SITE.  FOR MODELING PURPOSES, THE TWO GROUND WATER EXTRACTION AND TREATMENT SYSTEMS
CURRENTLY OPERATING WERE ASSUMED TO NOT BE IN OPERATION.  ORGANIC COMPOUNDS WERE PRIMARILY ASSUMED TO MOVE AT
THE LINEAR VELOCITY OF WATER WHILE RETARDATION COEFFICIENTS WERE USED TO MODEL THE MOVEMENT OF INORGANIC
COMPOUNDS AND METALS.

THE VOLATILIZATION OF CHEMICALS FROM SURFACE WATER WAS MODELED ASSUMING EXPONENTIAL DECAY OF CONCENTRATIONS. 
THE VOLATILE ORGANIC TRANSFER COEFFICIENT WAS ESTIMATED TO BE 0.4 BASED ON-SITE-SPECIFIC DATA. VOLATILIZATION
OF CONTAMINANTS FROM SOIL WAS PREDICTED BASED ON CHEMICAL-SPECIFIC VAPOR PRESSURE AND/OR HENRY'S LAW
CONSTANTS. EMISSIONS FACTORS AND A SIMPLE BOX MODEL WERE USED TO ESTIMATE CONTAMINANT CONCENTRATIONS IN AIR
AS A RESULT OF SOIL-DISTURBING ACTIVITIES SUCH AS CONSTRUCTION.

CONCENTRATIONS OF CHEMICALS IN THE CHATFIELD RESERVOIR WERE ESTIMATED BASED ON PREDICTED CONCENTRATIONS IN
THE SOUTH PLATTE RIVER MULTIPLIED BY 0.85 TO ACCOUNT FOR THE CONTRIBUTION OF OTHER SOURCES TO THE RESERVOIR. 
RIVER CONCENTRATIONS WERE BASED ON THE ESTIMATED LOCATION WHERE ALL CHEMICAL CONTAMINANTS FROM THE SITE WOULD
HAVE DISCHARGED.

CONTAMINANT CONCENTRATIONS IN VENISON WERE ESTIMATED USING MODIFIED TRANSFER COEFFICIENTS FOR UPTAKE OF
CHEMICALS IN BEEF CATTLE. BIOCONCENTRATION FACTORS IN FISH WERE BASED ON LITERATURE VALUES OR WERE ESTIMATED
IF NOT IN THE PUBLISHED LITERATURE.

FOR A COMPLETE ACCOUNT OF DATA AND ASSUMPTIONS USED, THE PHE SHOULD BE CONSULTED (CAI, 1990).

ASSUMPTIONS OF EXPOSURE FREQUENCY AND DURATION

THE ASSUMPTIONS REGARDING EXPOSURE FREQUENCY AND DURATION FOR THE VARIOUS PATHWAYS EVALUATED ARE PRESENTED IN
TABLE 5-1 OF THIS REPORT.



CURRENT AND FUTURE USE SCENARIOS

ASSUMPTIONS

THE BASELINE RISK ASSESSMENT RELIED PRIMARILY ON STANDARD ASSUMPTIONS OF EXPOSURE AVAILABLE IN THE EXPOSURE
FACTORS HANDBOOK (1988).  ASSUMPTIONS CONCERNING AVERAGE BODY WEIGHT, CONSUMPTION RATES FOR WATER AND FISH,
SHOWERING TIMES, INHALATION RATES, RATES OF INCIDENTAL INGESTION OF SOIL, BODY SURFACE AREA, AVERAGE
LIFETIME, TIME SPENT SWIMMING OR WADING, AND RESIDENCE DURATION WERE ALL BASED ON DATA FROM THE HANDBOOK.
OTHER PUBLISHED LITERATURE OR PROFESSIONAL JUDGEMENT WERE USED WHEN DATA WERE NOT AVAILABLE IN THE HANDBOOK. 
THE PHE PRESENTS THE ASSUMPTIONS USED FOR EXPOSURE IN CHAPTER 5 AND IN APPENDIX C (CAI, 1990).

CURRENT USE SCENARIO

THE EXPOSED POPULATIONS CONSIDERED IN THE CURRENT USE SCENARIO ARE LISTED IN TABLE 5-1.  ACCESS TO THE SITE
IS RESTRICTED UNDER CURRENT CONDITIONS.

FUTURE USE SCENARIO

THE EXPOSED POPULATIONS CONSIDERED IN THE FUTURE USE SCENARIO ARE LISTED IN TABLE 5-1.  CURRENTLY UNUSED
PORTIONS OF THE SITE ARE ASSUMED TO BE STORAGE AREAS RESULTING IN EMPLOYEE EXPOSURE TO HIGH CONTAMINATION. 
AN ALTERNATIVE ASSUMPTION INCLUDED THE SITE BEING DEVELOPED FOR RESIDENTIAL USE, EXPOSING CONSTRUCTION
WORKERS TO SUBSURFACE SOILS AND RESIDENTS TO CONTAMINATED MEDIA.  THE KASSLER SYSTEM WAS ASSUMED TO RESUME
OPERATION IN ORDER TO EVALUATE ITS EFFECT ON CONTAMINANTS REACHING THE SOUTH PLATTE RIVER.

TOXICITY ASSESSMENT INFORMATION

SLOPE FACTORS

SLOPE FACTORS (SF) HAVE BEEN DEVELOPED BY THE EPA CARCINOGENIC ASSESSMENT GROUP (CAG) FOR ESTIMATING EXCESS
LIFETIME CANCER RISKS ASSOCIATED WITH EXPOSURE TO POTENTIALLY CARCINOGENIC CHEMICALS.  SFS, WHICH ARE
EXPRESSED IN UNITS OF (MG/KG/DAY)(-1), ARE MULTIPLIED BY THE ESTIMATED INTAKE OF A POTENTIAL CARCINOGEN, IN
MG/KG/DAY, TO PROVIDE AN UPPER BOUND ESTIMATE OF THE EXCESS LIFETIME CANCER RISK ASSOCIATED WITH EXPOSURE AT
THAT INTAKE LEVEL.  THE TERM "UPPER BOUND" REFLECTS THE CONSERVATIVE ESTIMATE OF RISKS CALCULATED FROM THE
SF.  USE OF THIS APPROACH MAKES UNDERESTIMATING THE ACTUAL CANCER RISK HIGHLY UNLIKELY. SFS ARE DERIVED FROM
THE RESULTS OF HUMAN EPIDEMIOLOGICAL STUDIES OR CHRONIC ANIMAL BIOASSAYS TO WHICH ANIMAL-TO-HUMAN
EXTRAPOLATION AND UNCERTAINTY FACTORS HAVE BEEN APPLIED.  SFS FOR THE MAJOR CONTAMINANTS AT THE MMAG SITE ARE
PRESENTED IN TABLE 5-2.

REFERENCE DOSE

REFERENCE DOSES (RFDS) HAVE BEEN DEVELOPED BY EPA TO INDICATE THE POTENTIAL FOR ADVERSE HEALTH EFFECTS FROM
EXPOSURE TO CHEMICALS EXHIBITING NONCARCINOGENIC EFFECTS.  RFDS, WHICH ARE EXPRESSED IN UNITS OF MG/KG/DAY,
ARE ESTIMATES OF LIFETIME DAILY EXPOSURE LEVELS FOR HUMANS, INCLUDING SENSITIVE INDIVIDUALS.  ESTIMATED
INTAKES OF CHEMICALS FROM ENVIRONMENTAL MEDIA (SUCH AS THE AMOUNT OF A CHEMICAL INGESTED FROM CONTAMINATED
DRINKING WATER) CAN BE COMPARED TO THE RFD.  RFDS ARE DERIVED FROM HUMAN EPIDEMIOLOGICAL STUDIES OR ANIMAL
STUDIES TO WHICH UNCERTAINTY FACTORS HAVE BEEN APPLIED (THAT IS, TO ACCOUNT FOR THE USE OF ANIMAL DATA TO
PREDICT EFFECTS ON HUMANS).  THESE UNCERTAINTY FACTORS HELP ENSURE THAT THE RFDS WILL NOT UNDERESTIMATE THE
POTENTIAL FOR ADVERSE NONCARCINOGENIC EFFECTS TO OCCUR.  RFDS FOR THE MAJOR CONTAMINANTS AT THE MMAG SITE ARE
PRESENTED IN TABLE 5-3.

EXPLANATION OF TOXICITY INFORMATION

THE SFS AND RFDS WERE USED TO QUANTITATIVELY CHARACTERIZE THE HEALTH RISK ASSOCIATED WITH THE CONTAMINANTS OF
CONCERN.  EXAMINATION OF TABLES 5-2 AND 5-3 REVEALS THAT SFS VARY BY UP TO 4 ORDERS OF MAGNITUDE (A FACTOR OF
10,000) AND THAT RFDS ALSO VARY SUBSTANTIALLY.  A LARGE SF INDICATES THAT A LOW EXPOSURE OR INTAKE PRODUCED
CARCINOGENIC EFFECTS IN THE STUDY OR STUDIES USED TO DETERMINE THE SF AND/OR THAT THE UNCERTAINTY ASSOCIATED
WITH THE CARCINOGENICITY OF THE CHEMICAL IS HIGH. A SMALL SF INDICATES THAT AT LOW EXPOSURES OR INTAKES THE
CARCINOGENIC EFFECTS WERE LOW AND/OR THAT THE UNCERTAINTY IS LOW.  FOR RFDS, THE LOWER THE RFD THE GREATER
THE POTENTIAL FOR ADVERSE EFFECTS AT LOW INTAKES AND/OR THE HIGHER THE UNCERTAINTY ASSOCIATED WITH THE RFD.
GENERALLY, HIGH SFS AND LOW RFDS ARE ASSOCIATED WITH CHEMICALS THAT HAVE SHOWN A HIGH POTENTIAL FOR
CARCINOGENIC OR OTHER ADVERSE EFFECTS, AT LEAST IN ANIMAL STUDIES.  AS AN EXAMPLE, THE RFD FOR TCE IS
RELATIVELY LOW INDICATING A HIGH POTENTIAL FOR ADVERSE EFFECTS TO BE ASSOCIATED WITH EXPOSURE TO THIS
CONTAMINANT.  HOWEVER, THE SF FOR VINYL CHLORIDE, A TRANSFORMATION PRODUCT OF TCE, IS MUCH HIGHER THAN THE SF
FOR TCE, INDICATING THAT AT SIMILAR EXPOSURES THERE MAY BE A HIGHER POTENTIAL FOR CARCINOGENIC EFFECTS TO
OCCUR FROM VINYL CHLORIDE THAN FROM TCE:



QUALITATIVE INFORMATION REGARDING THE TYPES OF TOXICITY OR CARCINOGENICITY OF THE 53 COMPOUNDS OF CONCERN
WERE PROVIDED IN TOXICITY PROFILES PRESENTED IN APPENDIX B OF THE PHE.

RISK CHARACTERIZATION INFORMATION

RISK WAS CHARACTERIZED FOR CARCINOGENIC AND NONCARCINOGENIC EFFECTS THAT COULD POTENTIALLY RESULT FROM
EXPOSURE TO CHEMICAL CONTAMINANTS DETECTED ON THE MMAG SITE.

QUANTIFIED CARCINOGENIC RISK FOR EACH CONTAMINANT OF CONCERN IN EACH PATHWAY

EXCESS LIFETIME CANCER RISKS ARE DETERMINED BY MULTIPLYING THE INTAKE LEVEL WITH THE CANCER SLOPE FACTOR. 
THESE RISKS ARE PROBABILITIES THAT ARE GENERALLY EXPRESSED IN SCIENTIFIC NOTATION (THAT IS, 1 X (10-6)). AN
EXCESS LIFETIME CANCER RISK OF 1 X (10-6) INDICATES THAT, AS A PLAUSIBLE UPPER BOUND, AN INDIVIDUAL HAS A ONE
IN ONE MILLION CHANCE OF DEVELOPING CANCER AS A RESULT OF SITE-RELATED EXPOSURE TO A CARCINOGEN OVER A
70-YEAR LIFETIME UNDER THE SPECIFIC EXPOSURE CONDITIONS AT A SITE.

THE CARCINOGENIC RISK ASSOCIATED WITH EACH OF THE 53 CHEMICAL CONTAMINANTS OF CONCERN FOR EACH PATHWAY AND
EXPOSURE POINT IS PRESENTED IN TABLES E-1 THROUGH E-66 OF THE PHE (CAI, 1990).  TABLE 5-4 PRESENTS A SUMMARY
OF RISK INFORMATION FOR 14 OF THE CHEMICALS OF CONCERN.  EACH OF THE CHEMICALS IN TABLE 5-4 MEETS THE
FOLLOWING CRITERIA FOR INCLUSION:

• THE CHEMICAL HAS BEEN CLASSIFIED BY EPA AS A KNOWN OR SUSPECTED CARCINOGEN.

• THE CHEMICAL WAS DESCRIBED IN THE PHE AS CONTRIBUTING TO A CANCER RISK OF GREATER THAN OR EQUAL
TO 1 X (10-6) FOR AT LEAST ONE EXPOSURE PATHWAY.

• THE CONCENTRATION OF THE CHEMICAL EXCEEDED A FEDERAL STANDARD (SUCH AS A THE MCL FOR DRINKING
WATER) IN AT LEAST ONE SAMPLING LOCATION AT THE MMAG

COMBINED CARCINOGENIC EFFECTS

THE COMBINED RISK FOR EXPOSURE TO ALL OF THE CHEMICALS OF CONCERN FOR A PARTICULAR PATHWAY AND EXPOSURE POINT
ARE GIVEN IN TABLES 8-1 TO 8-4 OF THE PHE (PP. 8-6 TO 8-17, CAI, 1990).

THE ONLY EXPOSURE PATHWAY CONSIDERED FOR CURRENT LAND USE CONDITIONS THAT IS ASSOCIATED WITH A RISK GREATER
THAN 1 X (10-6) ACCORDING TO THE ASSUMPTIONS USED IN THE PHE IS DOMESTIC USE OF WATER FROM THE CHATFIELD
RESERVOIR, BUT ONLY FOR THE PLAUSIBLE MAXIMUM INTAKE CASE.  THE ESTIMATED AVERAGE INTAKE RESULTS IN A RISK OF
5 X (10-7).  MODELING ESTIMATES RATHER THAN MEASURED DATA WERE USED FOR CALCULATING THESE RISKS.  NO DIRECT
ON-SITE EXPOSURES WERE CONSIDERED PROBABLE.

WHEN FUTURE LAND USE CONDITIONS WERE CONSIDERED, HOWEVER, ON-SITE EXPOSURES THROUGH DIRECT CONTACT WITH OR
INHALATION OF CONTAMINANTS IN SOIL RESULTED IN THE PLAUSIBLE MAXIMUM INTAKE PRODUCING A CANCER RISK OF
GREATER THAN 1 X (10-6) IN 4 OF 6 SCENARIOS.  IN ONLY ONE OF THESE SCENARIOS DID THE RISK ASSOCIATED WITH THE
ESTIMATED AVERAGE INTAKE ALSO EXCEED 1 X (10-6).  IN ALL 5 CASES THE RISK WAS WITHIN THE RANGE OF 1 X (10-6)
AND 7 X (10-5), OR ONE IN ONE MILLION TO SEVEN IN ONE HUNDRED THOUSAND.  DIRECT CONTACT WITH SURFACE WATER
WAS NOT ASSOCIATE WITH A RISK GREATER THAN 7 X (10-8) FOR EVEN THE MAXIMUM DETECTED CONCENTRATIONS OF
CHEMICALS IN SURFACE WATER ON-SITE.  EXCEPT FOR THE INHALATION PATHWAY, THESE RISKS WERE CALCULATED USING
MEASURED CONCENTRATIONS OF CONTAMINANTS.  CONCENTRATIONS OF SOIL CONTAMINANTS IN AIR WERE ESTIMATED BY
COMPUTER MODELING AS DESCRIBED PREVIOUSLY.

THE USE OF GROUND WATER ON-SITE FOR DOMESTIC PURPOSES INCLUDING INGESTION AND SHOWERING WOULD BE ASSOCIATED
WITH RELATIVELY HIGH CANCER RISKS DEPENDING ON THE EXPOSURE POINT.  AT 11 OUT OF 14 ON-SITE EXPOSURE POINTS
(80 PERCENT), DOMESTIC USE OF THE GROUND WATER WOULD BE ASSOCIATED WITH AN UPPER-BOUND CANCER RISK GREATER
THAN 1 X (10-4) (GREATER THAN IN 10,000) FOR BOTH THE ESTIMATED AVERAGE INTAKE AND PLAUSIBLE MAXIMUM INTAKE. 
FIVE OF THE EXPOSURE POINTS WHERE THE CALCULATED RISK WAS GREATER THAN OR EQUAL TO 1 X (10-4) WERE ALLUVIAL
GROUND WATER; 6 WERE GROUND WATER POINTS ASSOCIATED WITH BEDROCK FORMATIONS.  CONCENTRATIONS IN ALLUVIAL
GROUND WATER WERE MEASURED, WHILE CONTAMINANT CONCENTRATIONS IN GROUND WATER ASSOCIATED WITH BEDROCK
FORMATIONS WERE BASED ON MODELING ESTIMATES.  THE UPPERBOUND CANCER RISK ASSOCIATED WITH DOMESTIC USE OF
GROUND WATER RANGED FROM A LOW OF 1 IN 100,000 (1 X (10-5)) TO A HIGH OF 1 IN 10 (1 X (10-1)).  AT 5 OF THE
14 EXPOSURE POINTS (36 PERCENT), THE UPPER-BOUND CANCER RISK ASSOCIATED WITH DOMESTIC USE OF GROUND WATER WAS
ESTIMATED TO BE GREATER THAN 1 IN 1,000 (1 X (10-3)); 3 OF THESE POINTS WERE ALLUVIAL GROUND WATER POINTS AND
2 WERE GROUND WATER POINTS ASSOCIATED WITH BEDROCK FORMATIONS.

THE DOMESTIC USE OF SURFACE WATER ON-SITE WAS ASSOCIATED WITH A LOWER CANCER RISK THAT RANGED FROM A LOW OF 3
X (10-6) FOR THE OVERAGE INTAKE AT ONE SURFACE WATER EXPOSURE POINT TO 7 X (10-5) FOR THE PLAUSIBLE MAXIMUM
AT ANOTHER SURFACE WATER LOCATION BASED ON MEASURED DATA.



DOMESTIC USE OF GROUND WATER OFF-SITE, WAS CALCULATED USING MODELING ESTIMATES OF SITE-BOUNDARY
CONCENTRATIONS.  OFF-SITE GROUND WATER USE WAS ASSOCIATED WITH AN UPPER-BOUND CANCER RISK THAT RANGED FROM 9
IN 100,000 FOR THE AVERAGE CASE FROM A BRUSH CREEK WELL TO 8 IN 1,000 FOR THE PLAUSIBLE MAXIMUM CASE FROM A
FILTER GULCH WELL.  THE AVERAGE AND PLAUSIBLE MAXIMUM CASES DIFFERED BY ABOUT ONE ORDER OF MAGNITUDE (A
FACTOR OF 10).  OFF-SITE SURFACE WATER TAKEN FROM BRUSH CREEK, IF USED DOMESTICALLY, WOULD BE ASSOCIATED WITH
A 3 IN 100,000 (AVERAGE CASE) TO 1 IN 10,000 (PLAUSIBLE MAXIMUM CASE) UPPER BOUND-CANCER RISK BASED ON
MODELING ESTIMATES OF CONTAMINANT CONCENTRATIONS.

IF THE KASSLER SYSTEM WERE TO BE PUT BACK IN, OPERATION AND WATER WERE SUPPLIED FROM THE KASSLER UNDERGROUND
STORAGE TANK WITHOUT BEING TREATED, THE RISK WOULD BE SIMILAR TO CURRENT USE OF THE CHATFIELD RESERVOIR FOR
BOTH THE AVERAGE AND PLAUSIBLE MAXIMUM INTAKES (6 X (10-7) TO 3 X (10-6)) ACCORDING TO MODELING ESTIMATES.

NONCARCINOGENIC EFFECTS FOR EACH CONTAMINANT IN EACH PATHWAY

THE RELATIVE POTENTIAL FOR NONCARCINOGENIC EFFECTS TO RESULT FROM EXPOSURE TO A SINGLE CONTAMINANT IN A
SINGLE MEDIUM IS EXPRESSED AS THE HAZARD QUOTIENT (HQ) (THAT IS, THE RATIO OF THE ESTIMATED INTAKE DERIVED
FROM THE CONTAMINANT CONCENTRATION IN A GIVEN MEDIUM TO THE CONTAMINANT'S RFD).  WHEN THE HQ EXCEEDS 1, THE
ESTIMATED INTAKE EXCEEDS THE RFD.  THE POTENTIAL FOR ADVERSE EFFECTS TO OCCUR INCREASES AS THE HQ INCREASES
ABOVE 1.  BY ADDING THE HQ'S FOR ALL CONTAMINANTS WITHIN A MEDIUM OR ACROSS ALL MEDIA TO WHICH A GIVEN
POPULATION MAY REASONABLY BE EXPOSED, THE HAZARD INDEX (HI) CAN BE GENERATED.  THE HI PROVIDES A USEFUL
REFERENCE POINT FOR GAUGING THE POTENTIAL SIGNIFICANCE OF MULTIPLE CONTAMINANT EXPOSURES WITHIN A SINGLE
MEDIUM OR ACROSS MEDIA.

THE HQS FOR ALL CONTAMINANTS OF CONCERN FOR EACH PATHWAY AND EXPOSURE POINT ARE PRESENTED IN TABLES E-1
THROUGH E-66 OF THE PHE (CAI, 1990). IN TABLE 5-5 THAT FOLLOWS, THE NONCARCINOGENIC HAZARD INFORMATION IS
BRIEFLY SUMMARIZED FOR 12 CONTAMINANTS OF CONCERN THAT WERE DESCRIBED IN THE PHE AS CONTRIBUTING TO AN HI OF
GREATER THAN 1 FOR AT LEAST ONE
   PATHWAY AND LOCATION.

COMBINED NONCARCINOGENIC EFFECTS

THE HIS FOR THE COMBINED EXPOSURE TO THE CONTAMINANTS OF CONCERN FOR EACH EXPOSURE PATHWAY AND EXPOSURE POINT
ARE PRESENTED IN TABLES 8-1 THROUGH 84 OF THE PHE (PP. 8-6 THROUGH 6- 17, CAI, 1990).  NO CURRENT EXPOSURES
ARE ESTIMATED TO RESULT IN AN HI THAT EXCEEDS 1.  NO DIRECT ON-SITE EXPOSURES WERE CONSIDERED PROBABLE UNDER
CURRENT CONDITIONS.

DIRECT CONTACT WITH OR INHALATION OF CONTAMINANTS FROM SUBSURFACE SOILS ON-SITE IN THE FUTURE WERE PREDICTED
TO RESULT IN AN HI OF APPROXIMATELY 6.  NO OTHER DIRECT CONTACT OR INHALATION EXPOSURES WERE PREDICTED TO BE
ASSOCIATED WITH AN HI GREATER THAN 1.  THE INHALATION PATHWAY WAS EVALUATED USING MODELING ESTIMATES, RATHER
THAN MEASURED DATA.

THE DOMESTIC USE OF GROUND WATER ON-SITE WAS ASSOCIATED WITH AN HI GREATER THAN OR EQUAL TO 1 AT 13 OUT OF 14
EXPOSURE POINTS (93 PERCENT) FOR THE AVERAGE CASE.  THE AVERAGE INTAKE RESULTED IN AN HI THAT RANGED FROM 0.5
TO 400 AND THE HIS FOR THE PLAUSIBLE MAXIMUM INTAKE RANGED FROM 2 TO 800 FOR ALL 14 EXPOSURE POINTS.  THE
EXPOSURE POINTS WERE DIVIDED BETWEEN 8 ALLUVIAL GROUND WATER POINTS, WHICH WERE ACTUALLY SAMPLED, AND 6
BEDROCK GROUND WATER POINTS WERE CONTAMINANT CONCENTRATIONS WERE BASED ON MODELING ESTIMATES.  TWO OUT OF
SEVEN ON-SITE EXPOSURE POINTS WHERE SURFACE WATER WAS SAMPLED WOULD BE ASSOCIATED WITH AN HI GREATER THAN 1
BUT LESS THAN 5, IF THE WATER WAS USED DOMESTICALLY.

BASED ON MODELING RESULTS FOR OFF-SITE GROUND WATER EXPOSURE POINTS, TWO OUT OF THREE LOCATIONS WOULD BE
ASSOCIATED WITH AN HI RANGING FROM 10 (AVERAGE CASE) TO 70 (PLAUSIBLE MAXIMUM CASE).  THE THIRD POINT WOULD
BE ASSOCIATED WITH AND HI OF 0.8 TO 3.  OFF-SITE SURFACE WATER LOCATIONS AND THE KASSLER UNDERGROUND STORAGE
TANK WATER WERE ASSOCIATED WITH HIS LESS THAN 1 ACCORDING TO MODELING ESTIMATES.

SOURCES OF UNCERTAINTY

SIGNIFICANT SOURCES OF UNCERTAINTY FOR ANY RISK ASSESSMENT INCLUDE THE FOLLOWING:

• SAMPLING DATA MAY BE BIASED BY TECHNICAL OR ANALYTICAL LIMITATIONS AND MODELS USED TO ESTIMATE
CONCENTRATIONS AT UNSAMPLED LOCATIONS REQUIRE MANY ASSUMPTIONS THAT MAY NOT EXACTLY REPRESENT
SITE CHARACTERISTICS.

• TOXICITY VALUES SUCH AS SFS AND RIDS MAY BE BASED ON STUDIES THAT REQUIRE EXTRAPOLATION FROM
RESULTS OF ANIMAL STUDIES TO EFFECTS IN HUMANS, EXTRAPOLATION OF HIGH-DOSE EXPOSURES TO MUCH
LOWER ENVIRONMENTAL EXPOSURES, AND RESULTS FROM HOMOGENOUS ANIMAL POPULATIONS TO VARIABLE       
HUMAN POPULATIONS WITH A WIDERANGE OF SENSITIVITIES.



• EXPOSURE ASSUMPTIONS USED TO CALCULATE INTAKES MAY OVER- OR UNDERESTIMATE ACTUAL EXPOSURES FOR
ANY ONE INDIVIDUAL.

THEREFORE, CONSERVATIVE ASSUMPTIONS ARE USED IN RISK ASSESSMENT SO THAT THE CALCULATED RISK WILL MORE LIKELY
OVERESTIMATE THE RISK THAN UNDER ESTIMATE THE RISK.

UNCERTAINTIES THAT ARE SPECIFIC TO THIS RISK ASSESSMENT INCLUDE THE FOLLOWING:

• ALL OFF-SITE AND SOME ON-SITE CONCENTRATIONS WERE BASED ON MODELED RATHER THAN MEASURED DATA

• NO DECAY OR TRANSFORMATION OF CONTAMINANTS WITH TIME AND TRANSPORT WERE INCLUDED IN MODELING
ASSUMPTIONS.

THE LAST POINT MAY BE PARTICULARLY IMPORTANT AT THE MMAG SITE BECAUSE CONCENTRATIONS OF TWO CONTAMINANTS,
VINYL CHLORIDE AND NDMA, ARE NOT KNOWN TO HAVE BEEN USED ON THE SITE BUT THAT ARE KNOWN TO BE TRANSFORMATION
PRODUCTS OF SITE CONTAMINANTS SHOWN IN THE RISK ASSESSMENT TO CONTRIBUTE SIGNIFICANTLY TO THE CALCULATED
CANCER RISKS.

RISK ASSESSMENT CONCLUSIONS

CHEMICAL CONTAMINATION AT THE MMAG SITE IS WIDESPREAD IN SOILS AND GROUND WATER.  FIFTY-THREE CONTAMINANTS OF
CONCERN WERE IDENTIFIED IN SITE SOILS, GROUND WATER, AND SURFACE WATER.

EPA HAS ESTABLISHED A RISK RANGE OF 1 X (10-4) TO 1 X (10-6) AS GENERALLY ACCEPTABLE EXPOSURE LEVELS FOR
HAZARDOUS WASTE SITES. CALCULATED CANCER RISKS FOR THE MMAG SITE EXCEEDED THE TARGET RANGE BY 1 TO 3 ORDERS
OF MAGNITUDE (THAT IS, 10 TO 100 TIMES) AT BETWEEN 40 PERCENT AND 70 PERCENT OF GROUND WATER EXPOSURE POINTS
LOCATED BOTH ON- AND OFF-SITE, DEPENDING ON WHETHER AVERAGE INTAKE OR PLAUSIBLE MAXIMUM INTAKE ASSUMPTIONS
WERE USED, RESPECTIVELY.  A HAZARD INDEX OF 1 WAS EXCEEDED AT 90 PERCENT OF GROUND WATER LOCATIONS FOR THE
AVERAGE CASE, INDICATING THE NEED FOR CONCERN REGARDING THE POTENTIAL FOR NONCARCINOGENIC ADVERSE HEALTH
EFFECTS TO OCCUR IF GROUND WATER WERE TO BE USED DOMESTICALLY.  RISKS CALCULATED FROM ESTIMATED EXPOSURES TO
GROUND WATER ON-SITE WERE SIMILAR WHETHER CONTAMINANT CONCENTRATIONS WERE DIRECTLY MEASURED OR BASED ON
MODELING ESTIMATES.  THE PRIMARY RISK IS ASSOCIATED WITH THE CHEMICALS LISTED IN TABLES 5-4 AND 5-5.

BASED UPON MODELING DATE, THE PLAUSIBLE MAXIMUM INTAKE ESTIMATED FOR THE CURRENT USE OF CHATFIELD RESERVOIR
WATER RESULTS IN AN UPPER BOUND CANCER RISK SLIGHTLY GREATER THAN 1 X (10-6) AS A RESULT OF NDMA
CONTAMINATION.  THIS ESTIMATE OF RISK IS BASED UPON MODELED OR PREDICTED CONCENTRATIONS, NOT MEASURED VALUES. 
THIS CONTAMINANT IS A STABLE TRANSFORMATION PRODUCT OF UNSYMMETRICAL DIMETHYL HYDRAZINE THAT WAS A CHEMICAL
OF CONCERN IN GROUND WATER ON-SITE.  CONCENTRATIONS OF VINYL CHLORIDE MAY INCREASE SIGNIFICANTLY WITH TIME
BECAUSE IT IS A TRANSFORMATION PRODUCT OF VARIOUS CHLORINATED SOLVENTS INCLUDING TCE AND TETRACHLOROETHYLENE
THAT ARE THE MAJOR CONTAMINANTS ON THE SITE.  RISKS ASSOCIATED WITH THESE COMPOUNDS WILL ALSO INCREASE WITH
TIME, IF CONCENTRATIONS INCREASE.  BOTH VINYL CHLORIDE AND NDMA ARE ASSOCIATED WITH SFS AT LEAST 10 TIMES
HIGHER THAN THE COMPOUNDS FROM WHICH THEY ARE FORMED.

ENVIRONMENTAL RISKS

RISKS TO AQUATIC LIFE WERE PARTIALLY EVALUATED BY COMPARING CONTAMINANT CONCENTRATIONS WITH FEDERAL AND STATE
OF COLORADO STANDARDS. CONCENTRATIONS OF SILVER, CHROMIUM, CYANIDE, ALUMINUM, AND FLUORIDE EXCEED EITHER
FEDERAL AMBIENT WATER ORALITY CRITERIA OR A COLORADO STANDARD FOR SURFACE WATER IN BRUSH CREEK ON THE SITE. 
THE LOCATIONS ARE PRIMARILY INTERMITTENT STREAMS.  CHEMICAL CONCENTRATIONS IN THE SOUTH PLATTE RIVER ARE NOT
ESTIMATED TO EXCEED ANY FEDERAL OR STATE CRITERIA.  SEDIMENTS AND SURFACE WATER SAMPLING INDICATED THAT
CONTAMINANTS ARE NOT BEING TRANSPORTED OFF SITE AT SIGNIFICANT CONCENTRATIONS AND ARE NOT EXPECTED TO IMPACT
AQUATIC LIFE IN THE SOUTH PLATTE RIVER.

CRITICAL HABITATS

THE BRIEF QUALITATIVE EVALUATION PERFORMED DID NOT IDENTIFY ANY CRITICAL HABITATS OR EFFECTS ON CRITICAL
HABITATS EITHER ON- OR OFF-SITE.

ENDANGERED OR THREATENED SPECIES

THE BRIEF QUALITATIVE EVALUATION PERFORMED IDENTIFIED ONE BALD EAGLE NESTING WITHIN A 3-MILE RADIUS AND ONE
RARE PLANT THAT MAY OCCUR ON-SITE.  NO EFFECTS OF SITE CONTAMINATION ON EITHER SPECIES WAS PROJECTED.



#DA
DESCRIPTION OF ALTERNATIVES

REMEDIAL ACTION ALTERNATIVES IN THE FEASIBILITY STUDY (FS) REPORT WERE EVALUATED IN ACCORDANCE WITH THE
COMPREHENSIVE ENVIRONMENTAL RESPONSE, COMPENSATION, AND LIABILITY ACT, AS AMENDED BY THE SUPERFUND AMENDMENTS
AND REAUTHORIZATION ACT, AND THE NATIONAL CONTINGENCY PLAN.  PRIOR TO EVALUATING REMEDIAL ACTION
ALTERNATIVES, SEVERAL PRELIMINARY EVALUATIONS OCCURRED.  REMEDIAL ACTION OBJECTIVES WERE IDENTIFIED ON THE
BASIS OF THE SITE CHARACTERIZATION RESULTS.  RESPONSE ACTIONS AND ASSOCIATED TECHNOLOGIES WERE CONSIDERED AND
SCREENED.  THE TECHNOLOGY SCREENING ACTIVITIES WERE BASED ON RELATIVE EFFECTIVENESS, IMPLEMENTABILITY, AND
COST.

PRELIMINARY REMEDIAL ACTION ALTERNATIVES WERE DEVELOPED FROM THE REMAINING TECHNOLOGY PROCESS OPTIONS. 
ALTERNATIVES WERE DEVELOPED RANGING FROM THOSE ELIMINATING THE NEED FOR LONG-TERM MANAGEMENT, TO ALTERNATIVES
INVOLVING TREATMENT THAT WOULD PERMANENTLY REDUCE THE MOBILITY, TOXICITY, OR VOLUME OF THE HAZARDOUS
SUBSTANCES AS THEIR PRINCIPAL ELEMENT.  CONTAINMENT OPTIONS WERE ALSO DEVELOPED.  DURING THE PRELIMINARY
REMEDIAL ACTION ALTERNATIVES ANALYSIS, SEVERAL POTENTIAL OPTIONS WERE DROPPED.

EIGHT ALTERNATIVES FOR SOIL REMEDIATION AND FOUR ALTERNATIVES FOR GROUND WATER WERE DEVELOPED IN THE FS
(EDER, 1990).  UPON COMPLETION OF THE INITIAL SCREENING PHASE OF THE FS, THE NUMBER OF SOIL ALTERNATIVES WAS 
REDUCED TO SIX FOR DETAILED ANALYSIS.  THE FOUR GROUND WATER ALTERNATIVES WERE ALSO RETAINED IN THE DETAILED
ANALYSIS.  EACH OF THE RETAINED ALTERNATIVES IS DESCRIBED IN THIS SECTION.

REMEDIAL ACTION OBJECTIVES DEVELOPED FOR THE SITE ARE DESIGNED TO ADDRESS THE PRINCIPAL THREAT AND REDUCE THE
RISKS POSED BY POTENTIAL HEALTH THREATS ASSOCIATED WITH THE GROUND WATER.  THE REMEDIAL ACTION OBJECTIVES ARE
AS FOLLOWS (CLEAN UP GOALS ARE DESCRIBED MORE FULLY IN SECTION 8.0):

1.   REDUCE THE THREAT POSED BY THE INACTIVE SITE CONTAMINATION RELEASES TO THE ENVIRONMENT WHICH
            IMPACT GROUND WATER AND SURROUNDING SOIL AND SOIL CONTAMINATION ASSOCIATED WITH THE CHEMICAL
            STORAGE TANKS.

2.   RESTORE THE GROUND WATER TO ITS BENEFICIAL USES BY REDUCING CONTAMINANT LEVELS TO WITHIN
            ACCEPTABLE STANDARDS FOR DRINKING WATER.

THERE ARE FIVE SOIL ALTERNATIVES FROM S-1 THROUGH S-5, AND FOUR GROUND WATER ALTERNATIVES GW-1 TO GW-4,
PRESENTED BELOW.  IN-SITU SOIL VAPOR EXTRACTION WILL NOT BE DISCUSSED AS A SEPARATE ALTERNATIVE BECAUSE IT
WAS DEVELOPED SOLELY TO ADDRESS CONTAMINATION IN THE CHEMICAL STORAGE TANKS AREA.  IT IS A COMPONENT OF ALL
THE SOIL ALTERNATIVES, EXCLUDING NO ACTION.

SOIL ALTERNATIVES:

   5-1:     NO ACTION

   5-2:     DEWATER/RCRA CAP/IN-SITU SOIL VAPOR EXTRACTION

   5-3:     DEWATER/OFF-SITE INCINERATION AND DISPOSAL OF WASTE/EX-SITU STABILIZATION OF BACKFILL AND
            ALLUVIUM/RCRA CAP/IN-SITU SOIL VAPOR EXTRACTION

   5-4:     DEWATER/ON-SITE INCINERATION OF BACKFILL, ALLUVIUM, AND WASTE/OFF-SITE DISPOSAL OF INCINERATED
            WASTE/EX-SITU STABILIZATION OF INCINERATED BACKFILL AND ALLUVIUM/RCRA CAP/IN-SITU SOIL VAPOR
            EXTRACTION

   5-5:     DEWATER/OFF-SITE INCINERATION AND DISPOSAL OF WASTE/THERMAL EXTRACTION OF BACKFILL AND
            ALLUVIUM/EX-SITU STABILIZATION OF BACKFILL AND ALLUVIUM/RCRA CAP/IN-SITU SOIL VAPOR EXTRACTION

GROUND WATER ALTERNATIVES:

   GW-1     NO ACTION

   GW-2     CONTINUED OPERATION OF THE EXISTING RECOVERY WELL SYSTEM/TREATMENT BY AIR STRIPPING, CARBON
            ADSORPTION, AND ION EXCHANGE/DISCHARGE TO BRUSH CREEK

   GW-3     CONTINUED OPERATION OF THE EXISTING RECOVERY WELL SYSTEM/INSTALLATION OF ADDITIONAL RECOVERY WELL
            SYSTEM IN FILTER GULCH AND DRY GULCH UPGRADIENT FROM THE EXISTING RECOVERY WELL SYSTEMS/TREATMENT
            BY AIR STRIPPING, CARBON ADSORPTION, ION EXCHANGE, AND/OR UV PHOTOLYSIS-OXIDATION/DISCHARGE TO
            BRUSH CREEK



   GW-4     CONTINUED OPERATION OF THE EXISTING RECOVERY WELL SYSTEMS/INSTALLATION OF ADDITIONAL RECOVERY
            WELL SYSTEMS IN FILTER GULCH AND DRY GULCH UPGRADIENT FROM THE EXISTING RECOVERY WELL
            SYSTEMS/ADDITION OF A RECOVERY WELL SYSTEM IN THE M3 AREA/TREATMENT BY CHEMICAL REDUCTION,
            PRECIPITATION, CLARIFICATION, AIR STRIPPING, CARBON ADSORPTION, ION EXCHANGE,  AND/OR UV
            PHOTOLYSIS-OXIDATION/DISCHARGE TO BRUSH CREEK

ALTERNATIVE 5-1: NO ACTION

IN ACCORDANCE WITH SECTION 300.430(E)(6) OF THE NCP, THE NO ACTION ALTERNATIVE MUST BE CONSIDERED IN THE FS. 
NO ACTION ALSO SERVES AS A BASELINE FOR COMPARISON OF OTHER SOIL ALTERNATIVES.  NO CONTAMINANTS OR
CONTAMINATED MEDIA ARE REMOVED OR TREATED BY THE NO ACTION ALTERNATIVE, ALTHOUGH NATURAL ATTENUATION
PROCESSES ARE LIKELY TO OCCUR.

NO ACTION, AS IT PERTAINS TO THE INACTIVE SITE AND THE CHEMICAL STORAGE TANK AREAS, MEANS THAT NO ACTIVITIES
INTENDED TO PROTECT HUMAN HEALTH AND THE ENVIRONMENT, INCLUDING ANY REMEDIATION, WOULD BE TAKEN. CONTAMINANT
MIGRATION FROM THE INACTIVE SITE AND THE CHEMICAL STORAGE TANK AREAS WOULD CONTINUE UNRESTRICTED.

GROUND WATER MONITORING WOULD BE CONDUCTED TO TRACK CONTAMINANT MIGRATION.  NO SOIL SAMPLES WOULD BE
COLLECTED FROM EITHER AREA.  THERE WOULD BE NO MEASURES TO PREVENT HUMAN EXPOSURE TO CONTAMINATION.  A REVIEW
OF THE THREAT TO PUBLIC HEALTH AND THE ENVIRONMENT WOULD BE CONDUCTED AT LEAST EVERY 5 YEARS.

ALTERNATIVE S-2: DEWATER/RCRA CAP/IN-SITU SOIL VAPOR EXTRACTION

THE OBJECTIVES OF ALTERNATIVE S-2 WOULD BE TO REDUCE THE POTENTIAL FOR DIRECT HUMAN CONTACT WITH THE INACTIVE
SITE SOILS, REDUCE INFILTRATION OF PRECIPITATION THROUGH THE INACTIVE SITE PONDS, REMOVE PERCHED WATER FROM
THE PONDS, AND REMOVE VOLATILE ORGANIC CONTAMINANTS (VOCS) FROM THE CHEMICAL STORAGE TANK AREA.  NO TREATMENT
OF WASTE, BACKFILL, OR CONTAMINATED ALLUVIUM WOULD OCCUR AT THE INACTIVE SITE.

THE AREA COVERING THE INACTIVE SITE AND THE AREA ADJACENT TO IT WOULD BE REGRADED TO DIVERT STORM WATER
RUN-ON AND ENHANCE STORM WATER RUN-OFF. THE INACTIVE SITE PONDS ARE LOCATED ON A TOPOGRAPHIC HIGH; THEREFORE,
STORM WATER FLOW WOULD BE DIVERTED INTO THE EAST BRANCH OF BRUSH CREEK DRAINAGE FOR FLOW TO THE NORTH AND THE
WEST BRANCH OF BRUSH CREEK/DRY GULCH DRAINAGE FOR FLOW TO THE SOUTH.

A SERIES OF WELLPOINTS WOULD BE INSTALLED IN THE PERCHED ZONES OF THE INACTIVE SITE TO EXTRACT WATER.  THE
WATER WOULD BE TEMPORARILY STORED IN HOLDING TANKS AND EITHER TRUCKED, PUMPED, OR GRAVITY FED TO THE MMAG'S
IWTP.  THE TREATED WATER WOULD BE DISCHARGED IN ACCORDANCE WITH MMAG'S COPDES PERMIT.  THE DEWATERING PROCESS
WOULD TAKE APPROXIMATELY 2 TO 3 MONTHS TO COMPLETE.

A MULTI-LAYERED CAP IS PROPOSED FOR COVERING THE INACTIVE SITE AREA, WHICH INCLUDES THE FIVE PONDS AND THE
AREA ADJACENT TO THE PONDS.  THE CAP WOULD BE SLOPED TO DIVERT SURFACE FLOW AWAY FROM THE PONDS.

GROUND WATER MONITORING WOULD BE CONDUCTED TO MONITOR CONTAMINANT MIGRATION.

THE CAP WOULD BE MAINTAINED AND NO CONSTRUCTION WOULD OCCUR ON OR NEAR THE CAP.  SINCE CONTAMINANTS WOULD
REMAIN AT THE INACTIVE SITE, THE SITE WOULD BE MONITORED AND EVERY FIVE YEARS EPA WOULD REVIEW THE
REMEDIATION TO ASSURE THAT HUMAN HEALTH AND THE ENVIRONMENT ARE PROTECTED.

IN-SITU SOIL VAPOR EXTRACTION WOULD BE USED TO REMOVE VOCS FROM THE CHEMICAL STORAGE TANK AREA SUBSURFACE
SOIL.  A SERIES OF EXTRACTION WELLS CONNECTED TO A VACUUM PUMP WOULD BE INSTALLED IN AND AROUND THE CHEMICAL
STORAGE TANK AREA SUCH THAT THE CONES OF INFLUENCE WOULD EXTEND OVER THE ENTIRE CONTAMINATED AREA.  A SERIES
OF INJECTION WELLS CONNECTED TO A BLOWER OR VACUUM PUMP WOULD BE PLACED IN AND AROUND THE CHEMICAL STORAGE
TANK AREA AND USED TO INDUCE AIR FLOW THROUGH THE SOIL TO STRIP AND VOLATILE THE VOCS INTO THE AIR STREAM. 
SUBSURFACE AIR, VOC VAPORS, AND WATER VAPORS WOULD MIGRATE TOWARD THE VACUUM EXTRACTION WELLS AND BE REMOVED
FOR COLLECTION AND TREATMENT.

APPROXIMATELY 1.3 MILLION GALLONS OF PERCHED WATER WITHIN THE PONDS WOULD BE REMOVED, TREATED, AND DISCHARGED
TO BRUSH CREEK.  APPROXIMATELY 2,100 CY OF WASTE, 9,700 CY OF CONTAMINATED BACKFILL, AND 14,700 CY OF
CONTAMINATED ALLUVIUM WOULD BE LEFT IN-PLACE.

BECAUSE BOTH THE INACTIVE SITE AND CHEMICAL STORAGE TANK AREAS ARE COVERED, THE INACTIVE SITE BY SOIL AND THE
CHEMICAL STORAGE TANK AREA BY ASPHALT, THE POTENTIAL FOR DIRECT CONTACT EXPOSURE TO CONTAMINANTS IS LOW.  THE
INSTALLATION OF A CAP AT THE INACTIVE SITE WOULD PROVIDE ADDED INSURANCE THAT THE POTENTIAL FOR DIRECT HUMAN
CONTACT WOULD BE MINIMIZED.  IN-SITU SOIL VAPOR EXTRACTION WOULD EFFECTIVELY REMOVE CONTAMINANTS FROM THE
CHEMICAL STORAGE TANK AREA SO THERE WOULD BE NO CONCERN FOR EXPOSURE.  CONTAMINANTS IN THE SOIL MAY CONTINUE
TO MIGRATE FROM THE INACTIVE SITE AND ENTER THE GROUND WATER.  HOWEVER, INFILTRATION IS GREATLY REDUCED AND
CONTAMINANT MIGRATION IS THEN REDUCED.



THE UNCERTAINTY ASSOCIATED WITH ALTERNATIVE S-2 ARE THE ABILITY TO LOWER THE GROUND WATER TABLE ENOUGH TO
AVOID INTERSECTING THE CONTAMINATION BELOW THE PONDS.

ALTERNATIVE S-2 WOULD COMPLY WITH RCRA CLOSURE AND RCRA CAP REQUIREMENTS FOR SURFACE IMPOUNDMENTS AND
LANDFILLS.  AIR EMISSIONS FROM THE IN-SITU SOIL VAPOR EXTRACTION PROCESS WOULD MEET AMBIENT AIR QUALITY
STANDARDS. PERCHED WATER WOULD BE TREATED TO PERMIT DISCHARGE LIMITS BEFORE BEING DISCHARGED TO BRUSH CREEK.

ALTERNATIVE S-2 WOULD BE IMPLEMENTED IN FOUR MONTHS.

ALTERNATIVE S-3: DEWATER/OFF-SITE INCINERATION AND DISPOSAL OF WASTE/EX-SITU STABILIZATION OF BACKFILL AND
ALLUVIUM/RCRA CAP/IN-SITU SOIL VAPOR EXTRACTION

ALTERNATIVE S-3 WOULD BE USED TO REDUCE CONTAMINANT MIGRATION FROM THE INACTIVE SITE INTO THE GROUND WATER
VIA REMOVAL AND/OR TREATMENT OF BOTH ORGANIC AND INORGANIC CONTAMINANTS.  IN ADDITION, THE POTENTIAL FOR
DIRECT HUMAN CONTACT WOULD BE MINIMIZED BY THE PLACEMENT OF A CAP.  THE RCRA CAP WOULD ALSO REDUCE
INFILTRATION, WHICH WOULD ENHANCE THE LONG-TERM EFFECTIVENESS OF TREATMENT.  AT THE CHEMICAL STORAGE TANK
AREA, 99 PERCENT REMOVAL OF THE ORGANIC CONTAMINANTS WOULD BE ANTICIPATED, THEREBY ELIMINATING THE CHEMICAL
STORAGE TANK AREA AS A POTENTIAL SOURCE FOR GROUND WATER CONTAMINATION.

THIS ALTERNATIVE WOULD BEGIN WITH THE DEWATERING OF THE INACTIVE SITE PONDS.  AFTER WHICH, THE CONTAMINATED
AREAS WOULD BE EXCAVATED AND MATERIAL SEPARATED INTO WASTE, CONTAMINATED SOIL AND UNCONTAMINATED BACKFILL. 
ADDITIONALLY, IN-SITU SOIL VAPOR EXTRACTION WOULD BE EMPLOYED AT THE CHEMICAL STORAGE TANK AREA TO REMOVE
ORGANIC CHEMICALS.

A SERIES OF WELLPOINTS WOULD BE INSTALLED IN THE PERCHED ZONES OF THE INACTIVE SITE TO EXTRACT WATER.  THE
WATER WOULD BE TEMPORARILY STORED IN HOLDING TANKS AND EITHER TRUCKED, PUMPED, OR GRAVITY FED TO MMAG'S IWTP. 
THE TREATED WATER WOULD BE DISCHARGED IN ACCORDANCE WITH MMAG'S COPDES PERMIT.  THE DEWATERING PROCESS WOULD
TAKE APPROXIMATELY 2 TO 3 MONTHS TO COMPLETE.

EXCAVATION AND MATERIAL SEGREGATION WOULD REQUIRE THAT THREE STOCKPILE OR STAGING AREAS BE USED: ONE FOR THE
COVER MATERIAL, ONE FOR THE WASTE, AND ONE FOR THE BACKFILL AND ALLUVIUM.  THE WASTE MATERIAL WOULD BE LOADED
ONTO PLASTIC-LINED TRUCKS AND TRANSPORTED OFF-SITE TO A PERMITTED INCINERATION AND LANDFILL FACILITY.  THE
BACKFILL AND ALLUVIUM WOULD UNDERGO STABILIZATION.  THE COVER MATERIAL WOULD BE REPLACED BACK INTO THE
EXCAVATION ONCE THE STABILIZATION PROCESS IS COMPLETE AND ALL STABILIZED MATERIALS HAVE BEEN RETURNED TO THE
EXCAVATION.  (THE COVER MATERIAL WOULD BE UNCONTAMINATED OR CONTAINS CONTAMINANTS AT LEVELS BELOW THE ACTION
LEVEL.)

THE AREA COVERING AND ADJACENT TO THE INACTIVE SITE WOULD BE REGRADED TO DIVERT STORM WATER RUN-ON AND
ENHANCE STORM WATER RUN-OFF.  THE INACTIVE SITE PONDS ARE LOCATED ON A TOPOGRAPHIC HIGH; THEREFORE, FLOW
WOULD BE DIVERTED INTO THE EAST BRANCH OF BRUSH CREEK DRAINAGE FOR FLOW TO THE NORTH AND INTO THE WEST BRANCH
OF BRUSH CREEK/DRY GULCH DRAINAGE FOR FLOW TO THE SOUTH.

A MULTI-LAYERED CAP IS PROPOSED FOR COVERING THE INACTIVE SITE AREA, WHICH INCLUDES THE FIVE PONDS AND THE
AREA ADJACENT TO THE PONDS.  THE CAP WOULD BE SLOPED TO DIVERT SURFACE FLOW AWAY FROM THE PONDS.

GROUND WATER MONITORING WOULD BE CONDUCTED TO MONITOR CONTAMINANT MIGRATION.

THE CAP WOULD BE MAINTAINED AND NO CONSTRUCTION WOULD OCCUR ON OR NEAR THE CAP.  SINCE CONTAMINANTS WOULD
REMAIN AT THE INACTIVE SITE, THE SITE WOULD BE REVIEWED AT LEAST EVERY 5 YEARS BY THE EPA TO ASSURE THAT
HUMAN HEALTH AND THE ENVIRONMENT ARE PROTECTED.  PERIODIC 5 YEAR REVIEWS AT THE CHEMICAL STORAGE TANK AREA
WOULD NOT BE REQUIRED SINCE THE ORGANIC CONTAMINANTS WOULD BE REMOVED FROM THE SOIL.

IN-SITU SOIL VAPOR EXTRACTION USED TO REMOVE VOCS FROM THE CHEMICAL STORAGE TANK AREA SUBSURFACE SOIL
REQUIRES A SERIES OF EXTRACTION WELLS CONNECTED TO A VACUUM PUMP BE INSTALLED IN AND AROUND THE CHEMICAL
STORAGE TANK AREA.  A SERIES OF INJECTION WELLS CONNECTED TO A BLOWER OR VACUUM PUMP WOULD BE PLACED IN AND
AROUND THE CHEMICAL STORAGE TANK AREA AND USED TO INDUCE AIR FLOW THROUGH THE SOIL TO STRIP AND VOLATILE THE
VOCS INTO THE AIR STREAM.  SUBSURFACE AIR, VOC VAPORS, AND WATER VAPORS WOULD MIGRATE TOWARD THE VACUUM
EXTRACTION WELLS AND BE RECOVERED FOR COLLECTION AND TREATMENT.  AIR EMISSIONS WOULD BE MONITORED, AND
ADDITIONAL CONTROLS WOULD BE INCORPORATED AS NECESSARY.

APPROXIMATELY, 2,100 CY OF WASTE WOULD BE TRANSPORTED OFF-SITE. APPROXIMATELY 24,400 CY OF CONTAMINATED
BACKFILL AND ALLUVIUM WOULD BE TREATED BY EX-SITU STABILIZATION.  THE STABILIZATION PROCESS INCORPORATES THE
CONTAMINATED SOIL INTO A MATRIX WITH ADDITIVES SUCH AS PORTLAND CEMENT, WATER, AND PROPRIETARY COMPOUNDS TO
IMMOBILIZE THE CONTAMINANTS BY CHEMICALLY AND PHYSICALLY BINDING THEM IN-PLACE. STABILIZATION IS A PROCESS
THAT CAN BE PERFORMED IN AN OPEN PIT, IN CONCRETE TRUCKS, AND IN FABRICATED SYSTEMS DESIGNED SPECIFICALLY FOR
STABILIZATION.  BOTH STATIONARY AND MOBILE (SKID-MOUNTED) SYSTEMS ARE AVAILABLE.  THE SPECIFIC SYSTEM AND



ADDITIVES WOULD BE CHOSEN DURING THE DESIGN PHASE.

MMAG PERFORMED BENCH-SCALE STABILIZATION AND THERMAL PROCESS TREATABILITY STUDIES ON INACTIVE SITE POND
MATERIALS.  THE TREATABILITY STUDIES ARE DISCUSSED IN SECTION 8.0.

THE REMOVAL OF THE WASTE FROM THE PONDS AND STABILIZATION OF THE CONTAMINATED BACKFILL AND ALLUVIUM WOULD
SIGNIFICANTLY REDUCE THE IMPACT OF THE INACTIVE SITE ON GROUND WATER CONTAMINATION.  THE INSTALLATION OF A
RCRA CAP AT THE INACTIVE SITE WOULD PROVIDE ADDED INSURANCE THAT THE POTENTIAL FOR DIRECT HUMAN CONTACT WOULD
BE MINIMIZED.  IN-SITU SOIL VAPOR EXTRACTION WOULD EFFECTIVELY REMOVE CONTAMINANTS FROM THE CHEMICAL STORAGE
TANK AREA.  CONTAMINATED SOIL MATERIALS WOULD REMAIN ON- SITE BUT THE CONSTITUENTS WOULD BE LESS MOBILE.

THE UNCERTAINTIES ASSOCIATED WITH ALTERNATIVE S-3 ARE THE ABILITY TO LOWER THE GROUND WATER TABLE ENOUGH TO
AVOID INTERSECTING THE PONDS. HOWEVER, REDUCING INFILTRATION VIA A CAP AND IN TURN LOWERING THE GROUND WATER
TABLE WILL BE EFFECTIVE TO SOME EXTENT.  ANOTHER UNCERTAINTY IS THE ABILITY TO STABILIZE ORGANIC
CONTAMINANTS.  DURING THE STABILIZATION OPERATION, THE CONTAMINATED SOILS WOULD BE HANDLED SEVERAL TIMES. 
FIRST THE SOIL WOULD BE EXCAVATED, AND THEN STOCKPILED.  IT WOULD THEN UNDERGO SIZE REDUCTION, AND THEN
PROCEED THROUGH THE STABILIZATION PROCESS, WHICH OFTEN UNDERGOES SEVERAL TEMPERATURE FLUCTUATIONS DUE TO
AMBIENT AIR TEMPERATURES, PROCESS WATER TEMPERATURES, AND CHEMICAL REACTIONS. WITH EACH OF THESE ACTIVITIES,
SOME VOLATILIZATION LIKELY TO OCCUR.

THE TRANSPORT OF WASTE WOULD COMPLY WITH RCRA, DEPARTMENT OF TRANSPORTATION, AND STATE REGULATIONS. 
INCINERATION OF THE WASTE WOULD BE PERFORMED AT A RCRA-PERMITTED INCINERATION FACILITY AND WOULD MEET ALL
REQUIREMENTS INCLUDING AT LEAST A 99.99 PERCENT DESTRUCTION OF ORGANIC CONTAMINANTS.  DISPOSAL OF THE TREATED
WASTE WOULD COMPLY WITH RCRA STANDARDS, INCLUDING THE LDRS.  STABILIZATION TREATMENT GOALS WOULD BE BASED
UPON LDR STANDARDS USING THE TOXICITY CHARACTERISTIC LEACHING PROCEDURE (TCLP).  PERCHED WATER AND
WASTEWATERS GENERATED FROM THE TREATMENT PROCESSES ON-SITE WOULD BE TREATED AND DISCHARGED ACCORDING TO
MMAG'S COPDES PERMIT REQUIREMENTS.  ALL ACTIVITIES, INCLUDING IN-SITU SOIL VAPOR EXTRACTION, WOULD COMPLY
WITH AMBIENT AIR QUALITY STANDARDS.

IMPLEMENTATION OF THE ALTERNATIVE S-3 IS ESTIMATED TO TAKE 18 MONTHS.

ALTERNATIVE S-4: DEWATER/ON SITE INCINERATION OF BACKFILL ALLUVIUM, AND WASTE/OFF-SITE DISPOSAL OF
INCINERATED RESIDUES/EX-SITU STABILIZATION OF INCINERATED BACKFILL AND ALLUVIUM/RCRA CAP/IN-SITU VAPOR
EXTRACTION

THE OBJECTIVE OF THIS ALTERNATIVE IS TO PROVIDE LONG TERM PROTECTION OF THE GROUND WATER AND HUMAN HEALTH BY
REMOVING AND TREATING WASTE AT THE INACTIVE SITE PONDS.  BY DESTROYING THE ORGANIC CONTAMINANTS AND
STABILIZING THE INORGANIC CONTAMINANTS, ADDITIONAL CONTAMINANT LOADING ON THE GROUND WATER IS PRECLUDED AND
POTENTIAL HUMAN EXPOSURE IS EFFECTIVELY ELIMINATED.

ALTERNATIVE S-4 INCORPORATES DEWATERING OF THE INACTIVE PONDS, EXCAVATION AND ON-SITE INCINERATION OF WASTE,
BACKFILL, AND ALLUVIUM FROM THE INACTIVE SITE PONDS, OFF-SITE DISPOSAL OF THE INCINERATED WASTE IN ACCORDANCE
WITH LDRS, EX-SITU STABILIZATION OF THE BACKFLLL AND ALLUVIUM, REPLACEMENT OF WASTE INTO THE EXCAVATION,
PLACEMENT OF COVER MATERIAL INTO THE EXCAVATION, AND PLACEMENT OF A CAP OVER THE INACTIVE SITE.  IN-SITU SOIL
VAPOR EXTRACTION WOULD BE USED FOR CONTAMINATED SOIL AT THE CHEMICAL STORAGE TANK AREA.

ALTERNATIVE S-4 WOULD BE IMPLEMENTED IN 3.5 TO 4 YEARS.

DEWATERING WOULD BE IMPLEMENTED AS DESCRIBED PREVIOUSLY.  CONTROLS TO COLLECT VAPORS WITH INTEGRATED VACUUM
SYSTEMS DURING EXCAVATION WILL BE EVALUATED DURING THE DESIGN PHASE.

SINCE EXCAVATION WOULD BE REQUIRED FOR THIS ALTERNATIVE AND THE WASTE WOULD BE DISPOSED OF SEPARATELY AT AN
OFFSITE RCRA LANDFILL, MATERIAL SEGREGATION WOULD BE NECESSARY AT THE INACTIVE SITE.  IT IS ANTICIPATED THAT
THREE STOCKPILE OR STAGING AREAS WOULD BE NECESSARY.  THE WASTE MATERIAL WOULD BE INCINERATED IN THE ON-SITE
INCINERATOR, ALLOWED TO COOL, THEN LOADED ONTO PLASTIC-LINED TRUCKS AND TRANSPORTED TO AN OFF-SITE LANDFILL. 
THE BACKFILL AND ALLUVIUM WOULD THEN BE INCINERATED AFTER EXCAVATION, PROCESSED THROUGH STABILIZATION AND
RETURNED TO THE EXCAVATION.  THE COVER MATERIAL WOULD BE REPLACED BACK INTO THE EXCAVATION ONCE THE
STABILIZATION PROCESS WAS COMPLETE AND ALL STABILIZED MATERIALS WOULD BE RETURNED TO THE EXCAVATION.

THE AREA COVERING AND ADJACENT TO THE INACTIVE SITE WOULD BE REGRADED AND CAPPED AS DESCRIBED PREVIOUSLY IN
THE OTHER ALTERNATIVES.

GROUND WATER MONITORING WOULD BE CONDUCTED TO MONITOR CONTAMINANT MIGRATION.

THE CAP WOULD BE MAINTAINED AND CONSTRUCTION RESTRICTED ON OR NEAR THE CAP.  SINCE CONTAMINANTS WOULD REMAIN
AT THE INACTIVE SITE, THE SITE WOULD BE MONITORED AND EVERY FIVE YEARS A REVIEW WOULD BE CONDUCTED TO ASSURE



THAT HUMAN HEALTH AND THE ENVIRONMENT ARE PROTECTED.

AS DESCRIBED EARLIER, IN-SITU SOIL VAPOR EXTRACTION WOULD BE USED TO REMOVE VOCS FROM THE CHEMICAL STORAGE
TANK AREA SUBSURFACE SOIL.

BECAUSE THE WASTE IN THE INACTIVE SITE PONDS IS CONSIDERED A RCRA LISTED HAZARDOUS WASTE, THE WASTE MUST BE
TREATED TO MEET THE TREATMENT STANDARDS ESTABLISHED FOR RCRA LISTED WASTE, PARTICULARLY F001, F005, AND F019. 
THE BEST DEMONSTRATED AVAILABLE TECHNOLOGY (BDAT) FOR THE F001 AND F005 WASTE IS INCINERATION.  THE BDAT FOR
F019 WASTE IS STABILIZATION.  THE WASTE, APPROXIMATELY 2,100 CY, WOULD BE INCINERATED ON-SITE.  THE RESIDUES
WOULD BE ALLOWED TO COOL, LOADED ONTO LINED TRUCKS AND TRANSPORTED TO AN OFF-SITE LANDFILL.  THE INACTIVE
SITE CONTAINS LOW LEVELS OF THE F019 OR INORGANIC CONTAMINANTS.  IF THE INCINERATED WASTE RESIDUES DID NOT
SATISFY THE LDR TREATMENT STANDARDS FOR F019 (INORGANIC) WASTES, THEY WOULD BE STABILIZED PRIOR TO LAND
DISPOSAL IN A RCRA LANDFILL.  THE INCINERATION RESIDUE WOULD BE TRANSPORTED TO A LANDFILL FOR STABILIZATION
TO AVOID TRANSPORTING THE ADDITIONAL 10 TO 40 PERCENT VOLUME THAT WOULD BE GENERATED IF STABILIZATION WAS
PERFORMED ON-SITE.

THE CONTAMINATED BACKFILL AND ALLUVIUM WOULD BE INCINERATED ON-SITE ALTER ALL WASTE WAS REMOVED AND TREATED. 
A ROTARY KILN PROCESS IS PROPOSED FOR INCINERATION.  ROTARY KILN INCINERATORS ARE THE MOST WIDESPREAD, MOST
PROVEN, AND MOST READILY AVAILABLE OF THE INCINERATION PROCESSES; HOWEVER, OTHER TYPES OF INCINERATORS WOULD
BE CONSIDERED DURING THE DESIGN PHASE.

FOLLOWING ON-SITE INCINERATION, APPROXIMATELY 24,400 CY OF BACKFILL AND ALLUVIUM WOULD BE TREATED BY EX-SITU
STABILIZATION IN ORDER TO IMMOBILIZE INORGANIC CONTAMINANTS.  THE STABILIZATION PROCESS INCORPORATES THE
CONTAMINATED SOIL INTO A MATRIX WITH ADDITIVES SUCH AS PORTLAND CEMENT, WATER, AND PROPRIETARY COMPOUNDS TO
IMMOBILIZED THE CONTAMINANTS BY CHEMICALLY AND PHYSICALLY BINDING THEM IN-PLACE.

STABILIZATION CAN BE PERFORMED IN A OPEN PIT, IN CONCRETE TRUCKS, AND IN FABRICATED SYSTEMS DESIGNED
SPECIFICALLY FOR STABILIZATION.  BOTH STATIONARY AND MOBILE SYSTEMS ARE AVAILABLE.  THE SPECIFIC SYSTEM AND
ADDITIVES TO BE USED WILL BE DETERMINED DURING THE DESIGN PHASE.  THE STABILIZED PRODUCT WOULD EITHER BE
REPLACED DIRECTLY BACK INTO THE EXCAVATION OR PLACED IN FORMS AND ALLOWED TO CURE BEFORE BEING PLACE INTO THE
EXCAVATION.

MMAG CONDUCTED BENCH-SCALE TREATABILITY STUDIES ON THERMAL TREATMENT AND STABILIZATION OF INACTIVE SITE POND
MATERIALS.  THE RESULTS OF THE TREATABILITY STUDIES ARE DISCUSSED IN SECTION 8.0.

THE REMOVAL OF THE WASTE FROM THE PONDS AND INCINERATION AND STABILIZATION OF THE CONTAMINATED BACKFILL AND
ALLUVIUM WOULD SIGNIFICANTLY REDUCE THE IMPACT THAT THE INACTIVE SITE HAS ON GROUND WATER CONTAMINATION.  THE
INSTALLATION OF A CAP AT THE INACTIVE SITE WOULD PROVIDE ADDED ASSURANCE THAT THE POTENTIAL FOR DIRECT HUMAN
CONTACT WOULD BE MINIMIZED.  IN-SITU SOIL VAPOR EXTRACTION WOULD EFFECTIVELY REMOVE CONTAMINANTS FROM THE
CHEMICAL STORAGE TANK AREA, SO THERE WOULD BE NO CONCERN FOR EXPOSURE.  CONTAMINATED MATERIALS WOULD REMAIN
ON-SITE BUT THE CONSTITUENTS WOULD BE IMMOBILIZED.

INCINERATION OF THE WASTE, BACKFILL, AND ALLUVIUM WOULD COMPLY WITH OR EXCEED THE TECHNICAL REQUIREMENTS OF
RCRA AND THE TOXIC SUBSTANCES CONTROL ACT (TSCA).  THE HAZARDOUS WASTE INCINERATION STANDARDS SET FORTH IN 40
CFR PARTS 264 AND 270 SPECIFY THREE MAJOR REQUIREMENTS REGARDING INCINERATOR PERFORMANCE:

1. PRINCIPAL ORGANIC HAZARDOUS CONSTITUENTS (POHCS) DESIGNATED IN EACH WASTE FEED MUST BE DESTROYED AND/OR
   REMOVED TO AN EFFICIENCY (DRE) OF 99.99 PERCENT OR BETTER; THE DRE FOR DIOXINS AND PCBS MUST BE 99.9999
   PERCENT.

2. PARTICULATE EMISSIONS MUST NOT EXCEED 180 MILLIGRAMS PER DRY STANDARD CUBIC METER (DSCM) CORRECTED TO 7
   PERCENT OXYGEN IN THE STACK GAS.

3. GASEOUS HYDROGEN CHLORIDE (HCI) EMISSIONS MUST EITHER BE CONTROLLED TO 4 POUNDS/HOUR OR LESS, OR BE
   REMOVED WITH 99 PERCENT EFFICIENCY.

THE TRANSPORT OF INACTIVE SITE POND WASTE WOULD COMPLY WITH RCRA, DEPARTMENT OF TRANSPORTATION, AND STATE
REGULATIONS.  DISPOSAL OF THE TREATED WASTE WOULD COMPLY WITH RCRA STANDARDS, INCLUDING LDRS. STABILIZATION
WOULD ACHIEVE IMMOBILIZATION SUCH THAT CONTAMINANTS MEET THE TREATMENT STANDARDS.  PERCHED WATER AND
WASTEWATERS GENERATED FROM THE TREATMENT PROCESSES ONSITE WOULD BE TREATED TO MEET COPDES PERMIT
REQUIREMENTS.  ALL ACTIVITIES, INCLUDING IN-SITU SOIL VAPOR EXTRACTION, WOULD COMPLY WITH AMBIENT AIR QUALITY
STANDARDS.  THIS ALTERNATIVE SATISFIES THE SARA PREFERENCE FOR TREATMENT.



ALTERNATIVE S-5: DEWATER/OFF-SITE INCINERATION AND DISPOSAL OF WASTE/THERMAL EXTRACTION OF BACKFILL AND
ALLUVIUM/EX-SITU STABILIZATION OF BACKFILL AND ALLUVIUM/RCRA CAP/VAPOR IN-SITU SOIL VAPOR EXTRACTION

THE OBJECTIVES OF ALTERNATIVE S-5 ARE TO PREVENT THE FURTHER IMPACT FROM THE INACTIVE SITE AREA ON GROUND
WATER AND MINIMIZE THE POTENTIAL FOR DIRECT HUMAN CONTACT WITH, INHALATION OF, AND INGESTION OF CONTAMINANTS
AT BOTH AREAS.  THIS ALTERNATIVE IS DESIGNED TO REMOVE ORGANIC CONTAMINANTS AND IMMOBILIZE INORGANIC
CONTAMINANTS AT THE INACTIVE SITE, REDUCE INFILTRATION OF PRECIPITATION THROUGH THE INACTIVE SITE POND, AND
REMOVE ORGANIC CONTAMINANTS FROM THE CHEMICAL STORAGE TANK AREA.

ALTERNATIVE S-5 INCORPORATES DEWATERING OF THE INACTIVE SITE PONDS; EXCAVATION, OFF-SITE INCINERATION AND
DISPOSAL OF WASTE IN ACCORDANCE WITH LDRS; EXCAVATION, THERMAL EXTRACTION AND, STABILIZATION OF CONTAMINATED
BACKFILL AND ALLUVIUM; REPLACEMENT OF TREATED BACKFILL AND ALLUVIUM INTO THE EXCAVATION; AND CAPPING OVER THE
INACTIVE SITE. IN-SITU SOIL VAPOR EXTRACTION WOULD BE USED TO TREAT THE SOIL AT THE CHEMICAL STORAGE TANK
AREA.  IN ADDITION, THIS ALTERNATIVE INCLUDES THE OFF-SITE INCINERATION AND DISPOSAL OF THE RESIDUAL ORGANIC
LADEN SLUDGE FROM THE THERMAL EXTRACTION PROCESS AND THE OFF-SITE INCINERATION AND DISPOSAL OF REGENERATION
OF THE CARBON FROM THE IN-SITU SOIL VAPOR EXTRACTION PROCESS AND THE THERMAL EXTRACTION AIR TREATMENT SYSTEM.

ALTERNATIVE S-5 WOULD BE IMPLEMENTED IN 4 YEARS

THE AREA COVERING AND ADJACENT TO THE INACTIVE SITE WOULD BE REGARDED TO DIVERT STORM WATER RUN-ON AND
ENHANCE STORM WATER RUN-OFF.  GRADING WOULD BE ACCOMPLISHED USING CONVENTIONAL CONSTRUCTION EQUIPMENT SUCH AS
FRONT-END LOADERS AND GRADE-ALLS.  WATER TRUCKS WOULD BE USED TO MINIMIZE DUST GENERATION.  THE INACTIVE SITE
PONDS ARE LOCATED ON A TOPOGRAPHIC HIGH; THEREFORE, FLOW WOULD BE DIVERTED INTO THE EAST BRANCH OF BRUSH
CREEK DRAINAGE FOR FLOW TO THE NORTH AND INTO THE WEST BRANCH OF BRUSH CREEK/DRY GULCH DRAINAGE FOR FLOW TO
THE SOUTH.

GROUND WATER MONITORING WOULD BE CONDUCTED AT BOTH THE INACTIVE SITE AND THE CHEMICAL STORAGE TANK AREA TO
MONITOR CONTAMINANT MIGRATION FROM BOTH AREAS.  MONITORING WELLS WOULD BE PLACED WITHIN THE PERCHED ZONES TO
VERIFY THAT INFILTRATION WAS THE SOURCE OF THE PERCHED WATER AND THAT THE PERCHED ZONES WERE NOT BEING
RECHARGED.  THE MONITORING WELLS IN THE CHEMICAL STORAGE TANK AREA WOULD BE PLACED SUCH THAT THE
EFFECTIVENESS OF IN-SITU SOIL VAPOR EXTRACTION COULD BE MONITORED.

THE CAP WOULD BE MAINTAINED AND NO CONSTRUCTION WOULD OCCUR ON OR NEAR THE CAP.  SINCE LOW LEVELS OF
CONTAMINANTS WOULD REMAIN AT THE INACTIVE SITE, THE SITE WOULD BE MONITORED AND EVERY 5 YEARS A REVIEW WOULD
BE CONDUCTED TO ASSURE HUMAN HEALTH AND THE ENVIRONMENT ARE PROTECTED.

IN-SITU SOIL VAPOR EXTRACTION WOULD BE USED TO REMOVE VOCS FROM THE CHEMICAL STORAGE TANK AREA SUBSURFACE
SOIL.  A SERIES OF EXTRACTION WELLS CONNECTED TO A VACUUM PUMP WOULD BE INSTALLED IN AND AROUND THE CHEMICAL
STORAGE TANK AREA SUCH THAT THE CONES OF INFLUENCE WOULD EXTEND OVER THE ENTIRE CONTAMINATED AREA.  A SERIES
OF INJECTION WELLS CONNECTED TO A BLOWER OR VACUUM PUMP WOULD BE PLACED IN AND AROUND THE CHEMICAL STORAGE
TANK AREA AND USED TO INDUCE AIR FLOW THROUGH THE SOIL TO STRIP AND VOLATILE THE VOCS INTO THE AIR STREAM. 
SUBSURFACE AIR, VOC VAPORS, AND WATER VAPORS WOULD MIGRATE TOWARD THE VACUUM EXTRACTION WELLS IN RESPONSE TO
THE NEGATIVE PRESSURE GRADIENT AROUND THE WELL.

THE CONTAMINATED AIR AND VAPOR WOULD FLOW TO A VAPOR/LIQUID SEPARATOR WHERE CONTAMINATED WATER WOULD BE
REMOVED.  THE CONTAMINATED WATER WOULD BE TREATED TO MEET COPDES LIMITS IN MMAG'S IWTP.  THE CONTAMINATED AIR
STREAM WOULD BE TREATED TO REMOVE VOC CONCENTRATIONS TO AIR QUALITY STANDARDS.  THE CARBON WOULD BE EITHER
REGENERATED OR DISPOSED OF ACCORDINGLY.  AIR EMISSIONS WOULD BE MONITORED AND ADDITIONAL CONTROLS WOULD BE
INCORPORATED AS NECESSARY.

THE WASTE IN THE INACTIVE SITE PONDS IS CONSIDERED A RCRA LISTED HAZARDOUS WASTE.  THE WASTE, APPROXIMATELY
2,100 CY, WOULD BE LOADED ONTO LINED TRUCKS AND TRANSPORTED TO AN OFF-SITE INCINERATOR PERMITTED TO ACCEPT
F001, F005, AND F019 LISTED WASTES.  THE WASTE WOULD BE INCINERATED TO COMPLY WITH THE F001 AND F005 LDR
TREATMENT STANDARDS. IF THE INCINERATED WASTE RESIDUES DID NOT SATISFY THE LDR TREATMENT STANDARDS FOR F019
(INORGANIC) WASTES, THEY WOULD BE STABILIZED PRIOR TO LAND DISPOSAL IN A RCRA LANDFILL.

APPROXIMATELY 24,400 CY OF CONTAMINATED BACKFILL AND ALLUVIUM WOULD BE TREATED BY THERMAL EXTRACTION TO
REMOVE ORGANIC CONTAMINANTS.  THERMAL EXTRACTION IS A LOW TEMPERATURE THERMAL TREATMENT PROCESS WHICH
VOLATILIZES ORGANIC CONTAMINANTS FROM THE SOIL MATRIX.  OPERATING TEMPERATURES ARE LOW, PREVENTING COMBUSTION
OF THE ORGANIC CONTAMINANTS AND OXIDATION OF THE INORGANIC CONTAMINANTS.  THE PROCESS PRODUCES AN
ORGANIC-FREE SOIL AND AN OFF-GAS THAT, WHEN TREATED, GENERATES WASTE WATER, CLEAN AIR, AND AN ORGANICALLY
CONTAMINATED SLUDGE.

FOLLOWING THE THERMAL TREATMENT, APPROXIMATELY 24,400 CY OF BACKFILL AND ALLUVIUM WOULD BE TREATED BY EX-SITU
STABILIZATION.  THE STABILIZATION PROCESS INCORPORATES THE CONTAMINATED SOIL INTO A MATRIX WITH ADDITIVES
SUCH AS PORTLAND CEMENT, WATER, AND PROPRIETARY COMPOUNDS TO IMMOBILIZE THE INORGANIC CONTAMINANTS BY



CHEMICALLY AND PHYSICALLY BINDING THEM IN-PLACE.

TREATABILITY STUDIES ON THERMAL EXTRACTION AND STABILIZATION WERE PERFORMED PREVIOUSLY BY MMAG.  THE RESULTS
ARE DISCUSSED IN SECTION 8.0.

THE REMOVAL AND INCINERATION OF THE WASTE FROM THE PONDS AND THERMAL EXTRACTION AND STABILIZATION OF THE
CONTAMINATED BACKFILL AND ALLUVIUM WOULD SIGNIFICANTLY REDUCE THE IMPACT THAT THE INACTIVE SITE HAS ON GROUND
WATER CONTAMINATION.  THE INSULATION OF A MULTI-LAYERED CAP AT THE INACTIVE SITE WOULD PROVIDE ADDED
ASSURANCE THAT THE POTENTIAL FOR DIRECT HUMAN CONTACT WOULD BE MINIMIZED.  IN-SITU SOIL VAPOR EXTRACTION
WOULD EFFECTIVELY REMOVE CONTAMINANTS FROM THE CHEMICAL STORAGE TANK AREA SO THERE WOULD BE NO CONCERN FOR
EXPOSURE.  CONTAMINATED MATERIALS WOULD REMAIN ON-SITE WOULD BE TREATED TO IMMOBILIZE HAZARDOUS CONSTITUENTS.

THE UNCERTAINTY ASSOCIATED WITH ALTERNATIVE S-5 IS THE ABILITY TO REMOVE ORGANIC CONTAMINANTS AND STABILIZE
INORGANIC COMPOUNDS TO MEET LDR TREATMENT STANDARDS.

THE TRANSPORT OF INACTIVE SITE POND WASTE AND THERMAL EXTRACTION RESIDUES WOULD COMPLY WITH RCRA, DEPARTMENT
OF TRANSPORTATION, AND STATE REGULATIONS.  INCINERATION OF THE WASTE WOULD BE PERFORMED AT A RCRA APPROVED
INCINERATION FACILITY AND WOULD MEET ALL PERTINENT REQUIREMENTS INCLUDING AT LEAST A 99.99 PERCENT
DESTRUCTION OF ORGANIC CONTAMINANTS. DISPOSAL OF THE TREATED WASTE WOULD COMPLY WITH RCRA STANDARDS,
INCLUDING THE LDRS.  THERMAL EXTRACTION WOULD REMOVE ORGANIC CONTAMINANTS, AND STABILIZATION WOULD ACHIEVE
IMMOBILIZATION TO PREVENT CONTAMINANTS FROM LEACHING TO THE GROUND WATER.  PERCHED WATER AND WASTEWATERS
GENERATED FROM THE TREATMENT PROCESSES ON-SITE WOULD BE TREATED TO MEET MMAG'S COPDES PERMIT REQUIREMENTS. 
ALL ACTIVITIES, INCLUDING THERMAL EXTRACTION AND IN-SITU SOIL VAPOR EXTRACTION, WOULD COMPLY WITH AMBIENT AIR
QUALITY STANDARDS.

ALTERNATIVE GW-1: NO ACTION

IN ACCORDANCE WITH SECTION 300.430(E)(6) OF THE NCP, THE NO ACTION ALTERNATIVE MUST BE CONSIDERED IN THE FS. 
THE NO ACTION ALTERNATIVE ALSO SERVES AS A BASELINE FOR COMPARISON OF OTHER GROUND WATER ALTERNATIVES.  NO
CONTAMINANTS ARE REMOVED OR TREATED BY THE NO ACTION ALTERNATIVE, ALTHOUGH NATURAL ATTENUATION PROCESSES ARE
LIKELY TO OCCUR. PREDICTING NATURAL ATTENUATION PROCESSES IS NOT TECHNOLOGICALLY POSSIBLE FOR MOST OF THE
CONTAMINANTS PRESENT IN THE GROUND WATER.

NO ACTION, AS IT PERTAINS TO GROUND WATER CONTAMINATION, MEANS THAT NO ACTIVITIES INTENDED TO PROTECT HUMAN
HEALTH AND THE ENVIRONMENT, INCLUDING ANY REMEDIATION, WOULD BE TAKEN.  THE EXISTING BRUSH CREEK AND FILTER
GULCH GROUND WATER EXTRACTION AND TREATMENT SYSTEMS WOULD BE SHUT DOWN.  THE EXISTING WATER SUPPLY PROVIDED
BY THE DENVER WATER DEPARTMENT COULD BE USED TO MEET CURRENT WATER DEMANDS AND FUTURE DEMANDS FROM
DEVELOPMENT.  CONTAMINATED GROUND WATER WOULD BE ALLOWED TO MIGRATE OFF-SITE.

GROUND WATER MONITORING WOULD BE CONDUCTED TO TRACK CONTAMINANT MIGRATION FROM THE SITE AND TO CONTINUALLY
ASSESS THE RESULTING RISKS.

GROUND WATER MODELING, ASSUMING THE SOURCE IS REMOVED AND NATURAL ATTENUATION PROCESSES OCCUR, PREDICTS THAT
GROUND WATER RESTORATION TIME FRAMES REQUIRED TO ATTAIN CLEAN UP GOALS ARE IN EXCESS OF 130 YEARS FOR ON-SITE
GROUND WATER AND IN EXCESS OF 70 YEARS FOR OFF-SITE GROUND WATER.

THIS ALTERNATIVE DOES NOT PROVIDE PROTECTION AGAINST THREATS TO HUMAN HEALTH OR THE ENVIRONMENT.  THE
IMMEDIATE CONCERN WITH THE NO ACTION ALTERNATIVE IS THAT ENVIRONMENTAL DEGRADATION WOULD CONTINUE TO OCCUR
AND THAT THE REMEDIAL ACTION OBJECTIVE TO RESTORE GROUND WATER TO ITS BENEFICIAL USE IN A REASONABLE TIME
FRAME IS NOT ACHIEVED.

THE GROUND WATER, WHICH IS A PAST AND A POTENTIAL SOURCE OF DRINKING WATER, DOES NOT MEET THE CLEAN UP GOALS
AT THE PRESENT TIME.

ALTERNATIVE GW-2: COOPERATION OF THE EXISTING RECOVERY WELL SYSTEMS/TREATMENT BY AIR STRIPPING, CARBON
ADSORPTION, AND ION EXCHANGE/DISCHARGE TO BRUSH CREEK

THE OBJECTIVES OF ALTERNATIVE GW-2 WOULD BE TO PRECLUDE GROUND WATER MIGRATION OFF-SITE INTO THE SOUTH PLATTE
RIVER BASIN AND REMOVE ORGANIC AND INORGANIC CONTAMINANTS FROM THE RECOVERED GROUND WATER.

ALTERNATIVE GW-2 IS PRESENTLY IN OPERATION.  THE FILTER GULCH RECOVERY WELL SYSTEM WAS INSTALLED IN 1985, AND
THE LOWER BRUSH CREEK RECOVERY SYSTEM WAS INSTALLED IN 1987.  THE FILTER GULCH RECOVERY SYSTEM CONSISTS OF 14
RECOVERY WELLS LOCATED APPROXIMATELY 800 FEET SOUTHEAST OF THE M3 AREA ON DENVER WATER DEPARTMENT PROPERTY. 
THE BRUSH CREEK RECOVERY SYSTEM CONSISTS OF THREE 24-INCH DIAMETER RECOVERY WELLS INSTALLED IN A GRAVEL
BACKFILLED TRENCH LOCATED APPROXIMATELY 2,000 FEET EAST OF THE M3 AREA.



THE RECOVERED WATER IS PUMPED ALONG WITH MMAG'S INDUSTRIAL PROCESS WASTE WATERS TO THE IWTP IN THE M3 AREA
WHERE ORGANIC AND INORGANIC CONTAMINANTS ARE REMOVED.  CURRENTLY, THE IWTP TREATS WASTEWATER BY AIR
STRIPPING, CARBON ADSORPTION, AND A FERROUS SULFATE REDUCTION PROCESSES. THE TREATED EFFLUENT IS DISCHARGED
TO BRUSH CREEK MMAG WASTE WATER OUTFALL (COPDES PERMIT #0001511), LOCATED APPROXIMATELY 100 FEET DOWNSTREAM
OF THE BRUSH CREEK RECOVERY SYSTEM.

GROUND WATER MONITORING WOULD BE CONDUCTED SEMIANNUALLY TO TRACK CONTAMINANT MIGRATION FROM THE SITE AND TO
ASSESS THE RESULTING RISKS.

AN ALTERNATIVE WATER SUPPLY WOULD BE PROVIDED SHOULD BE NEED ARISE DURING THE IMPLEMENTATION OF ALTERNATIVE
GW-2.

MMAG HAS DEMONSTRATED THAT THE FILTER GULCH AND BRUSH CREEK RECOVERY SYSTEMS PROVIDE EFFECTIVE CONTAINMENT OF
CONTAMINANTS BY MINIMIZING OFF-SITE MIGRATION OF ALLUVIAL GROUND WATER.

THE PRINCIPAL ENVIRONMENTAL CONCERN ASSOCIATED WITH AIR STRIPPING IS THE GENERATION OF VOLATILE ORGANIC AIR
EMISSIONS.  THE MMAG IWTP IS PRESENTLY OPERATING WITHIN ITS AIR PERMIT LIMITATIONS, WHICH DO NOT REQUIRE
ADDITIONAL TREATMENT OF THE EXHAUST AIR STREAM.  IF AIR EMISSION LEVELS ARE FOUND TO EXCEED AMBIENT AIR
QUALITY STANDARDS OR RISK-BASED LEVELS, THE AIR WOULD REQUIRE FURTHER TREATMENT.  TREATMENT OF THE EXHAUST
AIR WOULD BE ACCOMPLISHED BY CAPTURING ORGANIC CONSTITUENTS USING VAPOR PHASE CARBON ADSORPTION OR BY
DESTRUCTION IN AN INCINERATOR. THE NEED FOR EMISSION CONTROLS WOULD BE ASSESSED DURING BE DESIGN PHASE.

ALL THE RESIDUES OF GROUND WATER TREATMENT WOULD BE ANALYZED FOR CONTAMINANT CONTENT AND DISPOSED OF
ACCORDINGLY.  SLUDGES WOULD MOST LIKELY BE INCINERATED AT AN OFF-SITE FACILITY PRIOR TO DISPOSAL.  SPENT
CARBON AND ION EXCHANGE RESINS WOULD EITHER BE RECYCLED (REGENERATED), INCINERATED, AND/OR DISPOSED OF
DIRECTLY.

THE TREATED EFFLUENT EXITING THE MMAG IWTP WOULD MEET THE REQUIRED TREATMENT STANDARDS OF MMAGS COPDES PERMIT
BEFORE BEING DISCHARGED TO BRUSH CREEK VIA THE EXISTING OUTFALL.

GROUND WATER MODELING INDICATES THAT GROUND WATER RESTORATION TIME FRAMES REQUIRED TO ATTAIN CLEAN UP GOALS
ARE APPROXIMATELY 130 YEARS FOR ON-SITE GROUND WATER AND IN EXCESS OF 5 YEARS FOR OFFSITE GROUND WATER.
HOWEVER, THERE IS SOME UNCERTAINTY IN THE ESTIMATE OF GROUND WATER RESTORATION TIME.  THE GROUND WATER
MODELING WAS CONDUCTED USING AVAILABLE DATA ON SUBSURFACE CONDITIONS, AND ASSUMPTIONS WERE MADE REGARDING ALL
THE VARIABLES.  IN ADDITION, THE MODEL ASSUME THAT SOURCES OF CONTAMINATION ARE COMPLETELY REMOVED. 
EFFECTIVELY, THIS MEANS LITTLE IF ANY REMEDIATION OCCURS ONSITE IN THE HIGHLY CONTAMINATED AREAS FOR AN
EXTENSIVE PERIOD.

THE UNTREATED GROUND WATER DOES NOT MEET THE CLEAN UP GOALS AT THE PRESENT TIME.  WITH THE IMPLEMENTATION OF
ALTERNATIVE GW-2, HOWEVER, DEAN UP GOALS WOULD BE ACHIEVED OFF-SITE IN A REASONABLE TIME FRAME.  HOWEVER,
CONTAMINANT LEVELS IN GROUND WATER ON-SITE WOULD REMAIN ABOVE MCLS FOR OVER 100 YEARS.

ALTERNATIVE GW-3: CONTINUED OPERATION OF THE EXISTING RECOVERY WELL SYSTEMS/INSTALLATION OF ADDITIONAL
RECOVERY WELL SYSTEMS IN FILTER GULCH AND DRY GULCH UPGRADIENT FROM THE EXISTING RECOVERY WELL
SYSTEMS/TREATMENT BY AIR STRIPPLNG, CARBON ADSORPTION, ION EXCHANGE, AND/OR UV PHOTOLYSIS-OXIDATION/DISCHARGE
TO BRUSH CREEK.

THE OBJECTIVES OF ALTERNATIVE GW-3 WOULD BE TO PRECLUDE CONTAMINANT MIGRATION OFF-SITE AND RESTORE THE GROUND
WATER TO BENEFICIAL USES BY RECOVERING GROUND WATER AND REMOVING ORGANIC AND INORGANIC CONTAMINANTS.

ALTERNATIVE GW-3 IS A MODIFICATION TO ALTERNATIVE GW-2 THAT INCORPORATES TWO ADDITIONAL EXTRACTION SYSTEMS
COUPLED WITH RECHARGE OR INFILTRATION TRENCHES TO ENHANCE THE RATE OF GROUND WATER EXTRACTION.  ONE OF THE
TWO NEW RECOVERY SYSTEMS WOULD BE INSTALLED IN DRY GULCH, APPROXIMATELY 3,500 FEET SOUTHEAST OF THE INACTIVE
SITE, AND THE OTHER WOULD BE INSTALLED IN FILTER GULCH SOUTHEAST OF THE M3 AREA, APPROXIMATELY 200 FEET NORTH
OF THE MMAG PROPERTY BOUNDARY.  THE NEW RECOVERY SYSTEM IN DRY GULCH WOULD PROBABLY CONSIST OF A TRENCH AND
WELL SYSTEM SIMILAR TO THE EXISTING BRUSH CREEK SYSTEM AND WOULD RECOVER 5 - 10 GPM.  THE NEW SYSTEM IN
FILTER GULCH WOULD PROBABLY CONSIST OF A LINE OF RECOVERY WELLS SIMILAR TO THE EXISTING FILTER GULCH SYSTEM. 
ADDITIONALLY A TREATMENT STEP TO REMOVE NDMA AND UDMH CONTAMINATION IS INCLUDED.  THE ADDITIONAL TREATMENT
STEP ASSOCIATED WITH THIS ALTERNATIVE IS ULTRAVIOLET LIGHT (UV) PHOTOLYSIS USED IN COMBINATION WITH OXIDATION
TO TREAT NDMA AND UDMH.

THE GROUND WATER WOULD BE PUMPED FROM THE FOUR RECOVERY SYSTEMS AND TREATED AT THE IWTP.  ORGANIC AND
INORGANIC CONTAMINANTS WOULD BE REMOVED.  THE IWTP WOULD INCLUDE AIR STRIPPING, CARBON ADSORPTION, ION
EXCHANGE, AND THE UV PHOTOLYSIS/OXIDATION PROCESS.  THE TREATED EFFLUENT WOULD BE DISCHARGED TO THE BRUSH
CREEK MMAG WASTE WATER OUTFALL (COPDES PERMIT #0001511), LOCATED APPROXIMATELY 100 FEET DOWNSTREAM OF THE
BRUSH CREEK RECOVERY SYSTEM.



GROUND WATER MONITORING WOULD BE CONDUCTED TO TRACK CONTAMINANT MIGRATION FROM THE SITE AND TO ASSESS THE
RESULTING RISKS.  AN ALTERNATE WATER SUPPLY WOULD BE PROVIDED SHOULD THE NEED ARISE DURING THE IMPLEMENTATION
OF ALTERNATIVE GW-3.

WATER PURCHASED FROM THE DENVER WATER DEPARTMENT WOULD BE RECHARGED INTO THE ALLUVIUM AT DRY GULCH AND THE M3
AREA TO ENHANCE EXTRACTION RATES AND FLUSHING OF THE ALLUVIUM FOR MORE RAPID RESTORATION.

IT COULD ALSO BE NECESSARY TO INSTALL A SMALL EXTRACTION SYSTEM UPGRADIENT OF THE INACTIVE SITE RECHARGE
SYSTEM TO COLLECT GROUND WATER LOCATED BETWEEN THE PONDS AND THE RECHARGE SYSTEM.  THE NEED FOR SUCH A SYSTEM
WOULD BE EVALUATED DURING THE DESIGN PHASE.

GROUND WATER MODELING INDICATES THAT GROUND WATER RESTORATION TIME FRAMES REQUIRED TO ATTAIN CLEAN UP GOALS
ARE APPROXIMATELY 45 YEARS FOR ON-SITE GROUND WATER AND APPROXIMATELY 5 YEARS FOR OFF-SITE GROUND WATER.

THE UNTREATED GROUND WATER DOES NOT MEET THE CLEAN UP GOALS AT THE PRESENT TIME.  WITH THE IMPLEMENTATION OF
ALTERNATIVE GW-3, HOWEVER, CLEAN UP GOALS WOULD BE ACHIEVED MORE RAPIDLY BOTH OFF-SITE AND ON-SITE.

ALTERNATIVE GW-4: COOPERATION OF EXISTING RECOVERY WELL SYSTEMS/INSTALLATION OF ADDITIONAL RECOVERY WELL
SYSTEMS IN FILTER GULCH AND DRY GULCH UPGRADIENT FROM THE EXISTING RECOVERY WELL SYSTEMS/ADDITION OF A
RECOVERY WELL SYSTEM IN THE M3 AREA/TREATMENT BY CHEMICAL REDUCTION, PRECIPITATION, CLARIFICATION, AIR
STRIPPING, CARBON ADSORPTION, ION EXCHANGE, AND/OR UV PHOTOLYSIS-OXIDATION/DISCHARGE TO BRUSH CREEK.

THE OBJECTIVES OF ALTERNATIVE GW-4 ARE TO PRECLUDE CONTAMINANT MIGRATION OFF-SITE AND RESTORE THE GROUND
WATER TO BENEFICIAL USES BY RECOVERING GROUND WATER AND REMOVING ORGANIC AND INORGANIC CONTAMINANTS FROM THE
GROUND WATER.  ADDITIONALLY, THIS INCLUDES SYSTEMS TO COLLECT AND TREAT THE GROUND WATER IN THE FOUNTAIN
FORMATION IN THE VICINITY OF THE CHEM MILL AND HYDROSTAT TANK AREAS.

THIS ALTERNATIVE PROVIDES PROTECTION TO HUMAN HEALTH AND THE ENVIRONMENT BY REMOVING CONTAMINANTS IN THE
GROUND WATER AND BY REDUCING CONTAMINANT MIGRATION OFF-SITE.

ALTERNATIVE GW-4 IS A MODIFICATION OF ALTERNATIVE GW-3.  IT INCORPORATES ALL THE ASPECTS OF GW-4 AND IN
ADDITION INCLUDES ONE MORE EXTRACTION SYSTEM.  THE WATER EXTRACTED BY THE ADDITIONAL SYSTEM WOULD BE TREATED
TO REMOVE CHROMIUM AND CHLORINATED ORGANIC COMPOUNDS.  THE WATER WOULD BE RECOVERED FROM THE FIVE SYSTEMS AND
PUMPED TO THE IWTP WHERE ORGANIC AND INORGANIC CONTAMINANTS WOULD BE REMOVED.  THE IWTP WOULD INCLUDE AIR
STRIPPING, CARBON ADSORPTION, ION EXCHANGE, AND THE ADDITION OF THE UV PHOTOLYSIS/OXIDATION AND CHEMICAL
REDUCTION, PRECIPITATION, AND CLARIFICATION PROCESS.  THE TREATED EFFLUENT WOULD BE DISCHARGED TO THE BRUSH
CREEK MMAG WASTE WATER OUTFALL (COPDES PERMIT #0001511), LOCATED APPROXIMATELY 100 FEET DOWNSTREAM OF THE
BRUSH CREEK RECOVERY SYSTEM.

GROUND WATER MONITORING WOULD BE CONDUCTED TO TRACK CONTAMINANT MIGRATION FROM THE SITE AND TO ASSESS THE
RESULTING RISKS.  AN ALTERNATE WATER SUPPLY WOULD BE PROVIDED SHOULD THE NEED ARISE DURING THE IMPLEMENTATION
OF ALTERNATIVE GW-3.

GROUND WATER MODELING INDICATES THAT GROUND WATER RESTORATION TIME FRAMES REQUIRED TO ATTAIN CLEAN UP GOALS
ARE APPROXIMATELY 45 YEARS FOR ON-SITE GROUND WATER AND IN EXCESS OF 5 YEARS FOR OFF-SITE GROUND WATER.
HOWEVER, THERE IS SOME UNCERTAINTY ASSOCIATED WITH THE GROUND WATER RESTORATION TIME.  THE GROUND WATER
MODELING WAS CONDUCTED USING AVAILABLE DATA ON SUBSURFACE CONDITIONS, AND ASSUMPTIONS WERE MADE REGARDING ALL
THE VARIABLES.  IN ADDITION, THE MODEL ASSUMES THAT SOURCES OF CONTAMINATION ARE COMPLETELY REMOVED.

THE UNTREATED GROUND WATER DOES NOT MEET THE CLEAN UP GOALS AT THE PRESENT TIME.  WITH THE IMPLEMENTATION OF
ALTERNATIVE GW-4, HOWEVER, THESE GOALS WOULD BE ACHIEVED ON-SITE AND OFF-SITE WITHIN REASONABLE TIME FRAMES. 
IN ADDITION, AN AREA OF HIGH CONTAMINATION IN THE M3 AREA WOULD BE REMEDIATED PREVENTING FURTHER MIGRATION OF
CONTAMINANTS OFF-SITE.

#SCAA
SUMMARY OF COMPARATIVE ANALYSIS OF ALTERNATIVES

INTRODUCTION

IN ACCORDANCE WITH THE NCP, SECTION 300.430(E), EACH OF THE ALTERNATIVES PASSING THE INITIAL SCREENING PHASE
OF THE FEASIBILITY STUDY UNDERWENT THE DETAILED ANALYSIS WHICH SPECIFICALLY ADDRESSES THE NINE EVALUATION
CRITERIA LISTED BELOW:



THRESHOLD CRITERIA

1.   OVERALL PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT

2.   COMPLIANCE WITH APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS (ARARS)

PRIMARY BALANCING CRITERIA

3.   LONG-TERM EFFECTIVENESS AND PERMANENCE

4.   REDUCTION OF TOXICITY, MOBILITY, OR VOLUME THROUGH TREATMENT

5.   SHORT-TERM EFFECTIVENESS

6.   IMPLEMENTABILITY

7.   COST

MODIFYING CRITERIA

8.   STATE ACCEPTANCE

9.   COMMUNITY ACCEPTANCE

THE NCP INDICATES THAT A REMEDY MUST SATISFY THE THRESHOLD CRITERIA TO BE ELIGIBLE FOR SELECTION.

COMPARATIVE ANALYSIS OF SOIL ALTERNATIVES

THIS SECTION PROVIDES A COMPARISON OF EACH OF THE SOIL ALTERNATIVES WITH RESPECT TO THE NINE EVALUATION
CRITERIA DESCRIBED ABOVE.  THE RESULTS OF THE COMPARATIVE ANALYSIS ARE SUMMARIZED IN TABLE 7-1.

OVERALL PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT

ALL OF THE ALTERNATIVE, EXCEPT NO ACTION, WOULD PROVIDE SOME DEGREE OF PROTECTION TO HUMAN HEALTH AND THE
ENVIRONMENT.

PROTECTIVENESS IS IN PART RELATED TO THE FINAL DISPOSITION OF CONTAMINANTS, AND ALTERNATIVES S-4 AND S-5
EMPLOY PROVEN PROCESSES TO TREAT ALL WASTE AND PROVIDE FOR THE DESTRUCTION OF ORGANIC COMPOUNDS WITH
TREATMENT AND CONTAINMENT OF INORGANIC CONTAMINANTS.  BOTH ALTERNATIVES ARE CONSIDERED PERMANENT REMEDIES
AND, THEREFORE PROVIDE LONG-TERM EFFECTIVENESS AND PROTECTION.  ALTERNATIVE S-3 IS PROTECTIVE AND IT INCLUDES
TREATMENT OF ALL WASTE, ALTHOUGH THE ORGANIC COMPOUNDS WOULD NOT BE REMOVED OR DESTROYED AND WOULD
POTENTIALLY BE ABLE TO LEACH FROM THE STABILIZED PRODUCT.  ALTERNATIVE S-2 IS PROTECTIVE FROM THE STANDPOINT
THAT THE POTENTIAL FOR DIRECT HUMAN CONTACT IS REDUCED AND THAT INFILTRATION IS REDUCED, THEREBY REDUCING THE
POTENTIAL FOR CONTAMINANT MIGRATION INTO THE GROUND WATER.  ALTERNATIVE S-2, HOWEVER, DOES NOT ADDRESS THE
EXISTING CONTAMINATED ALLUVIUM WHICH IS AND WILL CONTINUE TO BE INTERSECTED BY GROUND WATER AND IT IS NOT
NECESSARILY A PERMANENT SOLUTION.  EACH OF THESE ALTERNATIVES ALSO REDUCE MOBILITY OF CONTAMINANTS REMAINING
IN THE SOILS DUE TO THE PLACEMENT OF A RCRA CAP OVER CONTAMINATED OR TREATED AREAS TO MINIMIZE INFILTRATION
OF PRECIPITATION.

ALTERNATIVE S-1 DOES NOT PROVIDE ANY PROTECTION TO HUMAN HEALTH AND THE ENVIRONMENT.  AT PRESENT, NEITHER THE
INACTIVE SITE SOILS NOR THE CHEMICAL STORAGE TANK AREA SOILS PRESENT A THREAT TO THE MMAG EMPLOYEES OR
TRESPASSERS BECAUSE BOTH AREAS ARE COVERED.  THE INACTIVE SITE IS COVERED BY SOIL AND THE CHEMICAL STORAGE
TANK AREA BY ASPHALT.  HOWEVER, CONTAMINANTS IN THE SOIL THAT MIGRATE FROM BOTH AREAS AND ENTER THE GROUND
WATER COULD RESULT IN EXPOSURE TO CONTAMINANTS CAUSING THREATS TO HUMAN HEALTH AND THE ENVIRONMENT.

COMPLIANCE WITH ARARS

CHEMICAL-, LOCATION-, AND ACTION-SPECIFIC ARARS WERE IDENTIFIED FOR THE MMAG SITE AND THE ALTERNATIVES
DEVELOPED.  THE FULL ARARS ANALYSIS IS PRESENTED IN APPENDIX A OF THE FEASIBILITY STUDY (GERAGHTY & MILLER,
1990B).  EACH ALTERNATIVE WOULD COMPLY WITH ARARS.  THE NUMBER OF ARARS THAT APPLY TO AN ALTERNATIVE
INCREASES WITH THE AMOUNT OF TREATMENT INVOLVED.

LONG-TERM EFFECTIVENESS PERMANENCE

ALTERNATIVES S-4 AND S-5 WOULD PROVIDE THE HIGHEST DEGREE OF LONG-TERM EFFECTIVENESS AND WOULD ALSO BE THE
MOST PERMANENT REMEDIES PRIMARILY BECAUSE BOTH ALTERNATIVES WOULD USE TREATMENT TO REMOVE AND DESTROY ORGANIC



CONTAMINANTS AT THE INACTIVE SITE.  ALTERNATIVE S-4 WOULD USE DIRECT DESTRUCTION VIA INCINERATION, WHEREAS
ALTERNATIVE S-5 WOULD USE REMOVAL VIA THERMAL EXTRACTION FOLLOWED BY DESTRUCTION VIA INCINERATION OFF-SITE. 
FOR ALTERNATIVES S-3, S-4, AND S-5, THE INORGANIC CONTAMINANTS WOULD BE IMMOBILIZED BY STABILIZATION.  THE
LONG-TERM EFFECTIVENESS OF STABILIZATION WOULD, IN PART, DEPEND ON THE ABILITY OF THE RCRA CAP TO MINIMIZE
INFILTRATION THROUGH THE SOLIDIFIED MASS.  RCRA CAPS HAVE BEEN USED EXTENSIVELY AND HAVE BEEN SHOWN TO BE
EFFECTIVE, LONG-TERM SOLUTIONS FOR REDUCING INFILTRATION.  THE RCRA CAP WOULD REQUIRE PERIODIC MAINTENANCE
THAT CONSISTS OF SEALING CRACKS, ADJUSTING FOR SETTLEMENT, AND REVEGETATING.  WITH PROPER MAINTENANCE AND
DESIGN, THE CAP WOULD FUNCTION EFFECTIVELY AND LAST INDEFINITELY.

ALTERNATIVE S-3 WOULD BE THE NEXT MOST EFFECTIVE AND PERMANENT ALTERNATIVE, BUT BECAUSE ORGANIC CONTAMINANTS
REMAIN IN PLACE USING A TECHNOLOGY THAT HAS NOT BEEN PROVEN FOR ORGANIC CONTAMINANTS, SOME QUESTIONS REMAIN
REGARDING LONGS EFFECTIVENESS.  ALTERNATIVE S-2 WOULD BE THE NEXT MOST EFFECTIVE AND PERMANENT ALTERNATIVE. 
HOWEVER, CONTAMINATION WOULD REMAIN IN THE GROUND UNTREATED AND CONTINUE TO MIGRATE IN THE ENVIRONMENT. 
ALTERNATIVE S-1 DOES NOT OFFER ANY LONG-TERM EFFECTIVENESS OR PERMANENCE.

ALTERNATIVES S-3, S-4, AND S-5 WOULD ENHANCE GROUND WATER RESTORATION BECAUSE CONTAMINATION PRESENTLY IN THE
SATURATED ALLUVIUM WOULD BE TREATED, AND THE ORGANIC CONSTITUENTS WOULD BE REMOVED AS PART OF ALTERNATIVES
S-4 AND S-5.

ALTERNATIVES S-2 THROUGH S-5 APPLY IN-SITU SOIL VAPOR EXTRACTION AT THE CHEMICAL STORAGE TANK AREA TO REMOVE
MOST OF THE ORGANIC CONTAMINANTS FROM THE SOIL, THUS PROVIDING FOR LONG-TERM EFFECTIVENESS AND PERMANENCE. 
(ALTHOUGH CAPPING IS NOT PLANNED FOR THIS AREA, A CAP TO PREVENT INFILTRATION WOULD BE EFFECTIVE AT
PROTECTING THE ENVIRONMENT AND PREVENTING HUMAN EXPOSURE.)

REDUCTION OF TOXICITY, MOBILITY, OR VOLUME THROUGH TREATMENT

ALTERNATIVES S-1 DOES NOT INVOLVE ANY TREATMENT OF THE WASTE, CONTAMINATED BACKFILL, CONTAMINATED ALLUVIUM AT
THE INACTIVE SITE, OR CONTAMINATED SOIL AT THE CHEMICAL STORAGE TANK AREA AND THEREFORE DOES NOT MEET THIS
CRITERION.

ALTERNATIVES S-2 THROUGH S-5 ALL PROVIDE SOME LEVEL OF REDUCTION IN TOXICITY, MOBILITY, AND VOLUME OF
CONTAMINANTS.  IN ALL OF THESE ALTERNATIVES, CONTAMINANTS IN THE CHEMICAL STORAGE TANK AREA ARE REMOVED FROM
THE SOILS THEREBY REDUCING THE TOXICITY OF THE SOILS AND ELIMINATING THE POTENTIAL FOR FURTHER MIGRATION OF
CONTAMINANTS TO THE GROUND WATER.

THIS CRITERION IS ADDRESSED TO THE HIGHEST DEGREE BY ALTERNATIVES S-3, S-4, AND S-5 BECAUSE THESE
ALTERNATIVES INVOLVE A HIGH LEVEL OF TREATMENT FOR CONTAMINANTS AT THE INACTIVE SITE AREA.  INCINERATION OF
WASTE MATERIALS IN ALTERNATIVES S-3, S-4, AND S-5 EFFECTIVELY REDUCES TOXICITY, MOBILITY, AND VOLUME OF
CONTAMINANTS BY PERMANENT DESTRUCTION. THERMAL EXTRACTION IN ALTERNATIVE S-5 ACCOMPLISHES THE SAME RESULT BUT
BY A DIFFERENT MECHANISM.  VOLUME REDUCTION IS A KEY ASPECT OF S-5 BECAUSE THE THERMAL EXTRACTION PROCESS
CONCENTRATES ORGANIC CONTAMINANTS IN A SLUDGE AND REDUCES THE VOLUME OF MATERIAL THAT MUST BE INCINERATED. A
MAJOR DIFFERENCE BETWEEN S-3, S-4 AND S-5 IS THE QUANTITY AND TYPE OF MATERIAL WHICH WOULD BE THERMALLY
TREATED UNDER EACH ALTERNATIVE.

THE THERMAL TREATMENT ASPECT OF ALTERNATIVES S-3, S-4 AND S-5 ALL RESULT IN THE GENERATION OF SMALL
QUANTITIES OF RESIDUES.  THESE RESIDUAL WASTE STREAMS ARE THE RESULT OF AIR POLLUTION CONTROL DEVICES AND MAY
BE LIQUID OR SOLID IN FORM.  THESE RESIDUES CONSTITUTE OF SMALL VOLUME OF WASTES WHICH MUST BE DISPOSED OR
FURTHER TREATED.  EXAMPLES OF THESE WASTE MATERIALS ARE SCRUBBING LIQUIDS (WASTE WATER), SPENT ACTIVATED
CARBON, DRY SCRUBBING RESIDUES (SALTS) AND ASH.

THE STABILIZATION TREATMENT PORTION OF ALTERNATIVES S-3, S-4, AND S-5 WILL REDUCE MOBILITY OF CONTAMINANTS IN
THE SOILS.  THE EFFECTIVENESS OF STABILIZATION VARIES WITH THE TYPE OF CONTAMINANT BEING TREATED.  ONLY
INORGANIC CONSTITUENTS WOULD BE TREATED BY STABILIZATION WITH S-4 AND S-5.  HOWEVER, ALTERNATIVE S-3 WOULD
UTILIZE STABILIZATION FOR IMMOBILIZATION BOTH INORGANIC AND ORGANIC CONSTITUENTS.  THE USE OF STABILIZATION
TO TREAT ORGANIC CONTAMINANTS IS NOT AS WELL ACCEPTED AS FOR INORGANIC CONTAMINANTS.

STABILIZATION TREATMENT WOULD PROBABLY RESULT IN A VOLUME INCREASE OF TREATED MATERIALS DUE TO THE ADDITION
OF STABILIZING OR SOLIDIFYING AGENTS.  HOWEVER, DEPENDING ON THE NATURE OF THE MATERIAL BEING TREATED AND THE
ADDITIVES USED, VOLUME REDUCTION IS ALSO A POSSIBILITY.

IN SUMMARY, THE TREATMENT ASPECTS OF S-4 AND S-5 ALTERNATIVES WOULD PROVIDE THE HIGHEST REDUCTIONS IN
TOXICITY AND MOBILITY.  ALTERNATIVE S-1 PROVIDES NO REDUCTIONS AND S-2 PROVIDES LESS REDUCTION IN TOXICITY
AND MOBILITY THAN S-4 AND S-5.  THIS IS BECAUSE THERMAL TREATMENT IS PROPOSED FOR ONLY THE DISCRETE WASTE
MATERIALS WHICH COMPRISE A SMALL FRACTION OF THE CONTAMINATED MATERIALS AT THE INACTIVE SITE.



SHORT-TERM EFFECTIVENESS

THE SHORT-TERM EFFECTIVENESS OF ALTERNATIVE S-1 WITH RESPECT TO PROTECTING THE ENVIRONMENT WOULD BE VERY LOW,
PRIMARILY BECAUSE CONTAMINANTS WOULD CONTINUE TO MIGRATE INTO THE GROUND WATER AND SIGNIFICANTLY INCREASE THE
TIME REQUIRED FOR GROUND WATER RESTORATION. HOWEVER, THERE WOULD NOT BE AN IMMEDIATE THREAT TO HUMAN HEALTH
DUE TO THE LACK OF CURRENT EXPOSURE TO CONTAMINANTS IN THE GROUND WATER AND AT THE INACTIVE SITE.

ALTERNATIVE S-2 WOULD BE MOST EFFECTIVE FOR THE SHORT-TERM BECAUSE IMPLEMENTATION OF THE ALTERNATIVE WOULD
TAKE FOUR MONTHS AND NO EXCAVATION OF CONTAMINATED SOIL OR WASTE WOULD BE REQUIRED.  THEREFORE, RISK FROM
INHALATION OF VAPORS, INADVERTENT INGESTION OF SOIL, AND DERMAL CONTACT ASSOCIATED WITH THE INACTIVE SITE
WOULD BE INSIGNIFICANT. THE CAP WOULD IMMEDIATELY STOP INFILTRATION OF PRECIPITATIVE AND REDUCE CONTAMINANT
MIGRATION TO THE GROUND WATER AND SLOW SUBSEQUENT OFF-SITE MIGRATION.

ALTERNATIVE S-3, WOULD BE A SOMEWHAT LESS ALTERNATIVE FOR THE SHORT-TERM.  ALTERNATIVE S-5 WOULD FOLLOW
ALTERNATIVE S-3 AND ALTERNATIVE S-4 WOULD BE THE LEAST EFFECTIVE ALTERNATIVE IN THE SHORT-TERM WITH RESPECT
TO PROTECTING THE ENVIRONMENT.  ALL THREE ALTERNATIVES HAVE SIMILAR COMPONENTS WITH CORRESPONDING SHORT TERM
RISKS.  THE RISKS ASSOCIATED WITH DEWATERING AND IN-SITU SOIL VAPOR EXTRACTION WOULD BE THE SAME AS DESCRIBED
FOR ALTERNATIVE S-2.  IN ADDITION, BECAUSE EXCAVATION OF CONTAMINATED WASTE, BACKFILL, AND ALLUVIUM WOULD BE
REQUIRED, THERE ARE SHORT TERM RISKS ASSOCIATED WITH INHALATION OF, INGESTION OF, AND DERMAL CONTACT WITH
CONTAMINANTS FOR ON-SITE WORKERS.  THESE RISKS CAN BE CONTROLLED BY THE USE OF SAFE WORKING PRACTICES AND
ENGINEERING CONTROLS DURING IMPLEMENTATION.

OFF-SITE INCINERATION OF THE WASTE (ALTERNATIVES S-3 AND S-5 ONLY) WOULD POSE SOME RISK TO THE COMMUNITY AS A
RESULT OF THE TRANSPORT OF HAZARDOUS WASTE ON PUBLIC ROADS AND HIGHWAYS.  THE LOADING AND UNLOADING PROCEDURE
MAY EXPOSE WORKERS TO CONTAMINANTS.  THESE RISKS WOULD BE CONTROLLED BY ESTABLISHING PROCEDURES FOR SAFE
TRANSFER OF WASTE MATERIALS AND CAREFUL PLANNING OF TRANSPORTATION.  IN THE EVENT OF AN ACCIDENT, WASTE
MATERIAL WOULD BE CLEANED UP IN A RELATIVELY SHORT TIME (SEVERAL HOURS) AND COMMUNITY EXPOSURE IS UNLIKELY.

THE TRANSPORT OF TREATED WASTE RESIDUALS WOULD BE REQUIRED FOR ALTERNATIVE S-4 AND S-5.  HOWEVER, THE RISKS
WOULD BE SIGNIFICANTLY LESS WITH S-4 BECAUSE THE MATERIALS BEING TRANSPORTED WOULD BE FREE OF ORGANIC
CONTAMINANTS.

DURING S-3 STABILIZATION TREATMENT WOULD RESULT IN A RISK TO WORKERS FROM INHALATION OF VAPORS.  INADVERTENT
INGESTION OR DERMAL CONTACT WITH SOIL IS A RISK FOR ALL THREE ALTERNATIVES S-3, S-4, AND S-5.  THIS RISK
WOULD BE GREATER FOR ALTERNATIVE S-3 BECAUSE ORGANIC CONTAMINANTS WOULD STILL BE PRESENT DURING
STABILIZATION.

IN SUMMARY, THE SHORT TERM EFFECTIVENESS OF ALTERATIVE S-2 IS THE GREATEST BECAUSE IT PROVIDES A RELATIVELY
QUICK SOLUTION FOR REMEDIATION AND THE HUMAN HEALTH RISKS ASSOCIATED WITH IMPLEMENTING THE REMEDY ARE LESS
THAN S-3, S-4 AND S-5.  ALTERNATIVE S-1 PROVIDES NO SHORT TERM PROTECTION TO THE ENVIRONMENT, HOWEVER, S-1
POSES NO THREAT TO HUMAN HEALTH ASSOCIATED WITH IMPLEMENTATION.

IMPLEMENTABILITY

IMPLEMENTABILITY REFERS TO THE TECHNICAL AND ADMINISTRATIVE FEASIBILITY OF IMPLEMENTING AN ALTERNATIVE AND
THE AVAILABILITY OF SERVICE AND MATERIAL.  ALL THE ALTERNATIVES WOULD BE TECHNICALLY IMPLEMENTABLE.
CONVENTIONAL CONSTRUCTION EQUIPMENT WOULD BE USED FOR EXCAVATION, TRANSPORT, AND REPLACEMENT.  ON-SITE
TREATMENT PROCESSES WOULD BE VENDOR SUPPLIED OR DESIGNED AND FABRICATED BY MMAG.  OFF-SITE INCINERATION AND
DISPOSAL WOULD BE PERFORMED AT PERMITTED FACILITIES.  ALL THE TECHNOLOGIES INVOLVED IN THE ALTERNATIVES ARE
RELIABLE.  INCINERATION AND STABILIZATION HAVE BEEN USED EXTENSIVELY TO TREAT HAZARDOUS WASTE AND ARE
CONSIDERED THE BDATS FOR ORGANIC AND INORGANIC CONTAMINANTS, RESPECTIVELY.  THERMAL EXTRACTION IS A
RELATIVELY INNOVATIVE TECHNOLOGY THAT OPERATES ON PROVEN THERMODYNAMIC PROPERTIES.  A RCRA CAP IS CONSIDERED
THE BEST DEMONSTRATED AVAILABLE TECHNOLOGY (BDAT) FOR COVER TYPES AND HAS BEEN USED EXTENSIVELY AND
SUCCESSFULLY AT HAZARDOUS WASTE SITES AND LANDFILLS.  IN-SITU SOIL VAPOR EXTRACTION IS A RELATIVELY NEW
TECHNOLOGY ADAPTED FROM THE PROVEN AIR STRIPPING TECHNOLOGY FOR REMOVING VOCS FROM AQUEOUS STREAMS.  CARBON
ADSORPTION IS PROVEN TECHNOLOGY WIDELY USED IN WASTE WATER AND WATER TREATMENT PLANTS AS WELL AS HAZARDOUS
WASTE SITES FOR REMOVING ORGANIC CONTAMINANTS FROM AQUEOUS WASTE STREAMS.

ALTERNATIVE S-5 HAS THE DISADVANTAGE OF UTILIZING A THERMAL TREATMENT TECHNOLOGY THAT IS NOT AS READILY
AVAILABLE AS CONVENTIONAL INCINERATION.  THERMAL EXTRACTION IS RELATIVELY NEW TECHNOLOGY AND ALTHOUGH THERE
ARE SEVERAL COMPANIES OFFERING THE TECHNOLOGY, THEY ARE FEWER IN NUMBER THAN INCINERATION VENDORS.

THE ADMINISTRATIVE FEASIBILITY OF ALTERNATIVES VARIES FROM ALTERNATIVE TO ALTERNATIVE.  ALTERNATIVE S-2 COULD
BE IMPLEMENTED WITH LITTLE ADMINISTRATIVE OR TECHNICAL DIFFICULTY.  THE ONLY ADMINISTRATIVE REQUIREMENTS TO
BE ACHIEVED WOULD BE TO MEET AMBIENT AIR QUALITY STANDARDS FOR THE IN-SITU VAPOR EXTRACTION PROCESS. 
ALTERNATIVE S-2 WOULD BE READILY ADAPTABLE IF ADDITIONAL REMEDIAL ACTIONS WERE NECESSARY AT A LATER DATE. 
ALTERNATIVES S-3 AND S-5 WOULD BE RELATIVELY SIMPLE TO IMPLEMENT FROM A REGULATORY STAND POINT.  THE



REGULATORY REQUIREMENTS FOR ON-SITE TREATMENT ARE EASILY IMPLEMENTABLE.  THE OFF-SITE TREATMENT AND DISPOSAL
REQUIRES VERY LITTLE ADMINISTRATIVE EFFORTS BECAUSE THE MATERIALS WOULD BE TREATED AT PERMITTED HAZARDOUS
WASTE TSD FACILITIES.

ALTERNATIVE S-4 WOULD MEET WITH THE MOST DIFFICULT ALTERNATIVE TO IMPLEMENT ON-SITE DUE TO THE REGULATORY
REQUIREMENTS FOR INCINERATION, SUCH AS TRIAL BURNS.

COST

MMAG ESTIMATED CAPITAL, O&M, AND PRESENT WORTH COSTS FOR EACH, ALTERNATIVE.  THE COSTS ARE PRESENTED BELOW:

   ALTERNATIVE        CAPITAL      O&M                PRESENT
                                   WORTH

   5-1           $         0    $ 39,000            $   600,000
   5-2           $ 2,923,000    $131,500            $ 4,940,000
   5-3           $21,723,000    $131,500            $23,740,000
   5-4           $45,923,000    $131,500            $47,940,000
   5-5           $39,023,000    $131,500            $40,040,000

MMAG ALSO CONDUCTED A COST SENSITIVITY ANALYSIS TO EVALUATE HOW THE COSTS RESPOND TO FLUCTUATIONS IN VARIOUS
FACTORS SUCH AS VOLUMES, INTEREST RATES, AND UNIT COSTS.  THE RESULTS OF THE SENSITIVITY ANALYSIS ARE
SUMMARIZED BELOW.

                  SENSITIVITY ANALYSIS OF PRESENT WORTH COSTS

   ALTERNATIVE           LOW COST            HIGH COST

   5-1                $   260,000         $    980,000
   5-2                $ 2,950,000         $  7,180,000
   5-3                $10,150,000         $ 40,380,000
   54                 $16,650,000         $107,480,000
   5-5                $17,150,000         $ 69,080,000

AS INDICATED IN THE TABLE ABOVE, SIGNIFICANT UNCERTAINTY EXISTS REGARDING THE COST OF ALTERNATIVE S-4.  THE
LOW END COST IS 35 PERCENT OF THE ESTIMATED PRESENT WORTH COST AND THE HIGH END COST IS 224 PERCENT MORE THAN
THE ESTIMATED PRESENT WORTH COST.  THE UNCERTAINTY ASSOCIATED WITH COSTS FOR THE OTHER ALTERNATIVES IS NOT AS
GREAT.

STATE ACCEPTANCE

THE NO ACTION ALTERNATIVE IS NOT ACCEPTABLE TO THE STATE OF COLORADO (CDH).  CDH PREFERS ALTERNATIVES
REQUIRING TREATMENT OVER ALTERNATIVE S-2 AND HAS INDICATED CONCURRENCE WITH EPA ON THE SELECTED REMEDY.

COMMUNITY ACCEPTANCE

COMMUNITY ACCEPTANCE OF THE SOIL ALTERNATIVES IS ASSUMED TO BE IN CONCURRENCE WITH THE STATE AND EPA.  NO
SIGNIFICANT COMMENT REGARDING THE SOIL ALTERNATIVES WAS RECEIVED DURING THE PUBLIC MEETING OR DURING COMMENT
PERIOD ON THE PROPOSED PLAN.

COMPARATIVE ANALYSIS OF GROUND WATER ALTERNATIVES

THIS SECTION PROVIDES A COMPARISON OF EACH OF THE GROUND WATER ALTERNATIVES WITH RESPECT TO THE NINE
EVALUATION CRITERIA DESCRIBED IN SECTION 7.1.  THE RESULTS OF THE COMPARATIVE ANALYSIS ARE SUMMARIZED IN
TABLE 7-2.

OVERALL PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT

EACH ALTERNATIVE EXCEPT NO ACTION PROVIDES SOME PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT.  THE GROUND
WATER ALTERNATIVES WERE DEVELOPED AND EVALUATED BASED ON THE ASSUMPTION THAT THE TWO MAJOR SOURCE AREAS OF
CONTAMINATION WOULD BE REMOVED.  THESE SOURCES ARE THE CONTAMINANTS AT THE INACTIVE SITE AND CHEMICAL STORAGE
TANK AREAS.

ALTERNATIVE GW-1 WOULD BE A STEP BACKWARDS IF IT WERE TO BE IMPLEMENTED. THE EXISTING RECOVERY WELL SYSTEMS
WOULD BE SHUT DOWN AND CONTAMINATION WOULD MIGRATE UNRESTRICTED OFF-SITE.  THE LONG-TERM IMPACTS WOULD BE



CONSIDERABLE AS THE CONTAMINATED GROUND WATER WOULD CONTAMINATE CLEAN GROUND WATER AND WATER USERS DISTANT
FROM THE SITE COULD BE AFFECTED. ALTERNATIVE GW-1 IS NOT PROTECTIVE OF EITHER HUMAN HEALTH OR THE
ENVIRONMENT.

MMAG IS PRESENTLY IMPLEMENTING ALTERNATIVE GW-2.  MMAG HAS BEEN ABLE TO DEMONSTRATE THAT THIS RECOVERY WELL
SYSTEMS IS EFFECTIVE AT COLLECTING AND TREATING ALLUVIAL GROUND WATER.  THE RECOVERY WELL SYSTEMS USED TO
EXTRACT GROUND WATER ARE CONVENTIONAL AND PROVEN.  THE TREATMENT PROCESSES USED ARE ALSO CONVENTIONAL AND
WIDELY USED TO TREAT MUNICIPAL WATER SUPPLIES.  (THE CURRENT TREATMENT PROCESS FOR GROUND WATER INCLUDES ONLY
AIR STRIPPING.)

ALTERNATIVE GW-3 IS PROTECTIVE FOR THE SAME REASONS AS GW-2 AND IS POSSIBLY MORE PROTECTIVE BECAUSE IT
REDUCES THE RESTORATION TIME FRAME AND PROVIDES FOR THE TREATMENT OF TWO IMPORTANT CONTAMINANTS, NDMA AND
UDMH.

ALTERNATIVE GW-4 AGAIN IS PROTECTIVE AND REDUCES UNCERTAINTY ASSOCIATED WITH ALTERNATIVE GW-3 BY INCLUDING AN
ADDITIONAL RECOVERY WELL SYSTEM IN THE M3 AREA TO COLLECT A CHROMIUM PLUME THAT ORIGINATES IN THE M3 AREA. IN
ADDITION, A CHEMICAL REDUCTION/PRECIPITATION/CLARIFICATION PROCESS WOULD BE USED TO REMOVE THE CHROMIUM AND
ANY OTHER METALS AS WELL AS OTHER INORGANIC CONTAMINANTS FROM THE GROUND WATER.  ALTERNATIVE GW-4 DOES NOT
RESULT IN ANY REDUCTION TO THE GROUND WATER RESTORATION TIME FRAME WHEN COMPARED TO ALTERNATIVE GW-3, BUT IT
DOES ADDRESS A KNOWN CONTAMINATED PLUME.

COMPLIANCE WITH ARARS

CHEMICAL-, LOCATION-, AND ACTION-SPECIFIC ARARS WERE IDENTIFIED FOR THE MMAG SITE AND GROUND WATER
ALTERNATIVES DEVELOPED.  THE FULL ARARS ANALYSIS IS PRESENTED IN APPENDIX A OF THE FEASIBILITY STUDY
(GERAGHTY & MILLER, 1990B).

ALTERNATIVE GW-1 MAY ATTAIN, IN 200 YEARS, THE CHEMICAL-SPECIFIC ARARS. ALTERNATIVES GW-2, GW-3, AND GW-4
WOULD COMPLY WITH ALL ARARS.  SINCE ALTERNATIVES GW-2, GW-3, AND GW-4 WOULD ALL COLLECT AND TREAT FOR
DETECTABLE CONTAMINANTS, EACH WOULD EQUALLY COMPLY WITH ARAR.

LONG-TERM EFFECTIVENESS AND PERMANENCE

LONG-TERM EFFECTIVENESS AND PERMANENCE ARE THE MEASURE OF HOW LONG INTO THE FUTURE THE REMEDY WILL LAST AND
HOW PROTECTIVE IT IS DURING THAT TIME.  CONSIDERING THAT THE GROUND WATER WOULD EVENTUALLY BE RESTORED (BY
NATURAL ATTENUATION IN THE CASE OF GW-1 OR BY ACTIVE TREATMENT IN THE CASE OF ALTERNATIVES GW-2, GW-3, AND
GW-4), ALL THE ALTERNATIVES WOULD PROVIDE ADEQUATE LONG-TERM EFFECTIVENESS AND ALL WOULD BE PERMANENT
ASSUMING THAT THERE ARE NO UNKNOWN SOURCES THAT WOULD PREVENT RESTORATION.  HOWEVER, ALTERNATIVES GW-2, GW-3
AND GW-4 ASSURE LONG TERM EFFECTIVENESS BY USING ACTIVE TREATMENT.

REDUCTION OF TOXICITY, MOBILITY, OR VOLUME THROUGH TREATMENT

ALTERNATIVE GW-1 DOES NOT INVOLVE TREATMENT OF CONTAMINANTS.  HOWEVER, THE NATURAL ATTENUATION PROCESSES THAT
OCCUR WOULD REDUCE THE TOXICITY AND VOLUME OF CONTAMINATED GROUND WATER.

ALTERNATIVES GW-2, GW-3, AND GW-4 WOULD EFFECTIVELY USE THE RECOVERY WELL SYSTEMS TO REDUCE THE MOBILITY OF
CONTAMINANTS.  ALTERNATIVE GW-4 WOULD PROVIDE THE GREATEST REDUCTION IN CONTAMINANT MOBILITY FOR THE
SHORT-TERM FOLLOWED BY GW-3 THEN BY GW-2, PREDOMINANTLY BECAUSE OF THE NUMBER OF RECOVERY SYSTEMS EMPLOYED. 
RESIDUALS SUCH AS SLUDGE FROM TREATMENT PROCESSES WOULD BE TREATED AND DISPOSED OF OFF-SITE TO ENSURE MEETING
THIS CRITERIA FOR EACH ALTERNATIVE.

ALTERNATIVES GW-2, GW-3, AND GW-4 WOULD ALSO REDUCE THE TOXICITY OF CONTAMINANTS THROUGH TREATMENT THAT
REMOVES CONTAMINANTS FROM THE GROUND WATER.  ALTERNATIVE GW-4 WOULD ACHIEVE THE HIGHEST REDUCTIONS, FOLLOWED
BY GW-3 AND GW-2 PRIMARILY BECAUSE IT ADDRESSES ALL CONTAMINANTS OF CONCERN INCLUDING CHROMIUM AND NDMA AND
UDMH.

SHORT-TERM EFFECTIVENESS

NONE OF THE ALTERNATIVES WILL REDUCE THE THREAT IN THE SHORT-TERM BECAUSE IT MAY REQUIRE 45 YEARS OR MORE TO
ATTAIN REMEDIATION GOALS. HOWEVER, GW-2, GW-3, AND GW-4 ARE PROTECTIVE BECAUSE GROUND WATER IS NOT CURRENTLY
USED FOR HUMAN CONSUMPTION AND A ALTERNATIVE WATER SUPPLY WILL BE PROVIDED DURING IMPLEMENTATION OF THE
REMEDY SHOULD THE NEED ARISE.

THE GROUND WATER TREATMENT PROCESS, AIR STRIPPING, RELEASES LOW LEVELS OF VOLATILE ORGANIC CHEMICALS INTO THE
AIR.  HOWEVER, THE RELEASE WILL BE SUBJECT TO AIR POLLUTION CONTROLS WHICH WILL PROTECT HUMAN HEALTH AND THE
ENVIRONMENT.



ENVIRONMENTAL DEGRADATION WOULD BE REDUCED BY ALTERNATIVES GW-2, GW-3, OR GW-4.  GW-4 WOULD BE MOST
BENEFICIAL TO REDUCING ENVIRONMENTAL DEGRADATION IN THE SHORT-TERM FOLLOWS BY GW-3.

IMPLEMENTABILITY

ALTERNATIVE GW-2 RANKS THE HIGHEST WITH RESPECT TO IMPLEMENTABILITY, BECAUSE IT IS ALREADY IN OPERATION. 
ALTERNATIVE GW-1 WOULD BE EASILY IMPLEMENTED BY SHUT DOWN OF PRESENT OPERATION.

IMPLEMENTATION OF ALTERNATIVES GW-3 AND GW-4 WOULD REQUIRE INSTALLATION OF WELLS OR TRENCHES, CONSTRUCTION OF
SMALL DIAMETER PIPELINES, AND PROCESS MODIFICATIONS TO MMAG'S IWTP.  THIS MAKES GW-3 AND GW-4 THE MOST
TECHNICALLY DIFFICULT TO IMPLEMENT.

COST

MMAG ESTIMATED CAPITAL, OPERATION AND MAINTENANCE (O&M), AND PRESENT WORTH COSTS FOR EACH ALTERNATIVE.  THE
COSTS ARE PRESENTED BELOW:

   ALTERNATIVE   CAPITAL                  ANNUAL O&M          PRESENT WORTH

   GW-1          $        0               $  180,000          $ 2,800,000
   GW-2          $        0               $  514,000          $ 7,900,000
   GW-3          $1,100,000               $1,100,000          $18,000,000
   GW-4          $1,300,000               $1,100,000          $18,200,000

MMAG ALSO CONDUCTED A COST SENSITIVITY ANALYSIS TO EVALUATE HOW THE COSTS RESPOND TO FLUCTUATIONS IN VARIOUS
FACTORS SUCH AS VOLUMES, INTEREST RATES, AND UNIT COSTS.  THE RESULTS OF THE SENSITIVITY ANALYSIS ARE
SUMMARIZED BELOW.

SENSITIVITY ANALYSIS OF PRESENT WORTH COSTS

   ALTERNATIVE        LOW COST                      HIGH COST

   GW-1               $1,400,000                    $ 4,300,000
   GW-2               $3,400,000                    $13,100,000
   GW-3               $7,500,000                    $30,600,000
   GW-4               $7,700,000                    $32,800,000

THE SENSITIVITY ANALYSIS INDICATES THAT APPROXIMATELY THE SAME LEVEL OF UNCERTAINTY EXISTS FOR EACH
ALTERNATIVE.  THIS IS REASONABLE SINCE ALTERNATIVES GW-2, GW-3, AND GW-4 ALL EMPLOY SIMILAR PROCESSES AND
OPERATE UNDER SIMILAR CONDITIONS.

STATE ACCEPTANCE

THE NO ACTION ALTERNATIVE IS NOT ACCEPTABLE TO THE STATE OF COLORADO (CDH).  CDH SUPPORTS EPAS SELECTION OF
ALTERNATIVE GW-4 FOR GROUND WATER REMEDIATION.

COMMUNITY ACCEPTANCE

COMMUNITY ACCEPTANCE OF THE GROUND WATER ALTERNATIVES IS ASSUMED TO BE IN CONCURRENCE WITH THE STATE AND EPA. 
NO SIGNIFICANT COMMENT REGARDING THE GROUND WATER ALTERNATIVES WAS RECEIVED DURING THE PUBLIC COMMENT PERIOD
ON THE PROPOSED PLAN.

#SR
SELECTED REMEDY

THE SELECTED REMEDY COMBINES TWO ALTERNATIVES: S-5 FOR TREATMENT OF CONTAMINATED SOIL AND WASTE FROM THE
INACTIVE SITE PONDS AND THE SOIL IN CHEMICAL STORAGE TANK AREA, AND GW-4 FOR CONTAMINATED GROUND WATER
TREATMENT.

THE SELECTED REMEDY ADDRESSES THE REMEDIAL ACTION OBJECTIVES BY INCLUDING REMEDIATION OF THE PRINCIPAL THREAT
AT THE SITE, THE INACTIVE SITE AREA, WHICH CONTAINS HIGHLY CONCENTRATED AND MOBILE CONTAMINANTS AND THE SOIL
IN THE CHEMICAL STORAGE TANK AREA.  REMEDIATION OF GROUND WATER IS ALSO PART OF THIS REMEDY.  AS A RESULT OF
THESE ACTIONS, SURFACE WATER ON-SITE IS EXPECTED TO BE REMEDIATED ALSO.



BOTH EPA AND CDH HAVE EVALUATED THE ALTERNATIVES AND AGREE THAT THIS REMEDY WILL PROVIDE THE MOST EFFECTIVE
MEASURES TO ENSURE LONG TERM PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT SATISFYING REQUIREMENTS UNDER
CERCLA AND ATTAIN THE ARARS FROM OTHER FEDERAL AND STATE REGULATIONS.  IN PARTICULAR, THE REMEDY IS
CONSISTENT WITH ANTICIPATED ELEMENTS OF RCRA CORRECTIVE ACTION AS WELL AS CLOSURE STANDARDS FOR RCRA
HAZARDOUS WASTE UNITS.  THESE CONSIDERATIONS ARE PARTICULARLY IMPORTANT BECAUSE IT IS ANTICIPATED THAT THE
REMEDY WILL BE IMPLEMENTED UNDER THE RCRA CORRECTIVE ACTION AUTHORITY.

THE REMEDY DOES NOT SPECIFICALLY ADDRESS CONTAMINATION WHICH ORIGINATES FROM AIR FORCE (PJKS) PROPERTY. 
HOWEVER, BECAUSE GROUND WATER IN BRUSH CREEK AND DRY GULCH WILL BE INTERCEPTED, CONTAMINANTS FROM AIR FORCE
PROPERTY WILL BE TREATED ALSO.  AT THIS TIME, CONTAMINATION IN LARIAT GULCH WILL NOT BE ADDRESSED BY THIS
REMEDY, EXCEPT THAT MONITORING WILL BE CONDUCTED.  THE US AIR FORCE AND EPA ARE EXPECTED TO ADDRESS LARIAT
GULCH AS PART OF THE INTERAGENCY AGREEMENT FOR THAT SITE.

DESCRIPTION

ALTERNATIVE S-5: DEWATER/OFF-SITE INCINERATION AND DISPOSAL OF WASTE/THERMAL EXTRACTION OF BACKFILL AND
ALLUVIUM/EX-SITU STABILIZATION OF BACKFILL AND ALLUVIUM/RCRA CAP/IN-SITU SOIL VAPOR EXTRACTION.

SPECIFICALLY, THE OBJECTIVES OF THIS PORTION OF THE SELECTED REMEDY ARE TO MITIGATE THE IMPACT THAT THE
INACTIVE SITE POND AREA CONTAMINATION IS HAVING ON GROUND WATER AND TO REDUCE THE POTENTIAL FOR FURTHER
MIGRATION OF CHLORINATED ORGANIC CHEMICALS FROM THE CHEMICAL STORAGE TANK AREA. THE REMEDY IS DESIGNED TO
ADDRESS BOTH THE IMMEDIATE NEED TO CONTROL THE SOURCE OF CONTAMINATION TO ANOTHER MEDIA (GROUND WATER) AND
PREVENT THE POTENTIAL FOR FUTURE EXPOSURE OF HUMANS TO CONTAMINANTS AT BOTH AREAS. IN ORDER TO PROVIDE A
PERMANENT SOLUTION, ORGANIC CONTAMINANTS WILL BE REMOVED AND INORGANIC CONTAMINANTS WILL BE IMMOBILIZED AT
THE INACTIVE SITE INFILTRATION OF PRECIPITATION THROUGH THE INACTIVE SITE WILL BE REDUCED, AND ORGANIC
CONTAMINANTS FROM THE CHEMICAL STORAGE TANK AREA WILL BE REMOVED.

ALTERNATIVE S-5 INCORPORATES THE FOLLOWING COMPONENTS FOR THE INACTIVE SITE AREA: DEWATERING OF THE PERCHED
WATER; EXCAVATION, OFF-SITE INCINERATION, AND OFF-SITE DISPOSAL OF THE WASTE IN ACCORDANCE WITH LDRS; AND
EXCAVATION, THERMAL EXTRACTION AND STABILIZATION OF CONTAMINATED BACKFILL AND ALLUVIUM.  THE TREATED BACKFILL
AND ALLUVIUM WILL BE PLACED BACK INTO THE EXCAVATION, AND COVERED WITH A MULTI-LAYERED CAP OVER THE INACTIVE
SITE AREA.  IN-SITU SOIL VAPOR EXTRACTION WILL BE USED TO REMOVE VOCS AT THE CHEMICAL STORAGE TANK AREA.  IN
ADDITION, THIS ALTERNATIVE INCLUDES THE OFF-SITE INCINERATION AND DISPOSAL OF THE RESIDUAL ORGANIC LADEN
SLUDGE FROM THE THERMAL EXTRACTION PROCESS AND THE OFF-SITE INCINERATION AND DISPOSAL OR REGENERATION OF THE
CARBON FROM THE IN-SITU SOIL VAPOR EXTRACTION PROCESS AND THE THERMAL EXTRACTION AIR TREATMENT SYSTEM.  THIS
PORTION OF THE REMEDY WILL BE IMPLEMENTED WITHIN APPROXIMATELY 4 YEARS.  FIGURE 8-1 DEPICTS THE SELECTED
REMEDY FOR THE INACTIVE SITE.

APPROXIMATELY 1.3 MILLION GALLONS OF PERCHED WATER WILL BE EXTRACTED AND TREATED ALONG WITH THE CONTAMINATED
GROUND WATER.  THE WASTE MATERIAL, APPROXIMATELY 2,100 CY, WILL BE EXCAVATED, AND TRANSPORTED, AND
INCINERATED OFF-SITE.  THE PROPOSED FACILITY IS ROLLINS IN DEERPARK, TEXAS.  HOWEVER, ANY OFF-SITE FACILITY
USED AS PART OF THIS REMEDY MUST SATISFY THE REQUIREMENT IN SECTION 121(D)(3) OF CERCLA.

THE CONTAMINATED BACKFILL AND ALLUVIUM WOULD BE EXCAVATED DOWN TO ACTION LEVELS, UNDERGO THERMAL EXTRACTION
TO REMOVE ORGANIC CONTAMINANTS, AND BE STABILIZED TO IMMOBILIZE INORGANIC CONTAMINANTS.  THE ORGANIC
CONTAMINANTS IN THE CHEMICAL STORAGE TANK AREA WOULD BE PERMANENTLY REMOVED.

A SERIES OF WELLPOINTS WILL BE INSTALLED IN THE PERCHED ZONES OF THE INACTIVE SITE TO EXTRACT WATER.  THE
WATER WILL BE TEMPORARILY STORED IN HOLDING TANKS AND EITHER TRUCKED, PUMPED, OR GRAVITY FED TO THE IWTP TO
BE TREATED BY THE PROCESSES DISCUSSED IN GW-4.  THE TREATED WATER WOULD BE DISCHARGED IN ACCORDANCE WITH
MMAG'S COPDES PERMIT.  THE DEWATERING PROCESS WOULD TAKE APPROXIMATELY 2 TO 3 MONTHS TO COMPLETE.

EXCAVATION OF THE WASTE, CONTAMINATED BACKFILL, AND CONTAMINATED ALLUVIUM AT THE INACTIVE SITE WILL BE
NECESSARY IN ORDER TO TREAT THE MATERIALS.  (NO EXCAVATION WILL BE REQUIRED AT THE CHEMICAL STORAGE TANK
AREA.) EXCAVATION WOULD BE ACHIEVED UTILIZING CONVENTIONAL CONSTRUCTION EQUIPMENT SUCH AS BACKHOES AND
FRONT-END LOADERS.  CONTROLS FOR VOC EMISSIONS DURING EXCAVATION ACTIVITIES WILL BE EVALUATED DURING THE
DESIGN PHASE.

MATERIAL SEGREGATION BY CONVENTIONAL MECHANIC EQUIPMENT WILL BE NECESSARY AT THE INACTIVE SITE.  IT IS
ANTICIPATED THAT THREE STOCKPILE OR STAGING AREAS WILL BE NECESSARY: ONE FOR THE UNCONTAMINATED COVER
MATERIAL, ONE FOR THE WASTE, AND ONE FOR THE CONTAMINATED BACKFILL AND ALLUVIUM.  THE WASTE MATERIAL WILL BE
LOADED ONTO PLASTIC-LINED TRUCKS AND TRANSPORTED OFF-SITE TO AN INCINERATOR AND LANDFILL.  THE BACKFILL AND
ALLUVIUM WILL THEN BE TREATED BY THERMAL EXTRACTION AND STABILIZATION.  THE COVER MATERIAL WILL BE PLACED
BACK INTO THE EXCAVATION ONCE THE EXCAVATION AND TREATMENT PROCESSES ARE COMPLETE. (COVER MATERIAL IS THAT
SOIL WHICH IS UNCONTAMINATED OR CONTAINS CONSTITUENTS BELOW THE ACTION LEVELS SPECIFIED IN TABLE 8-1.) 
MATERIALS WILL BE STOCKPILED ONLY TO THE EXTENT THAT THE SITE REMEDIATION IS RUN IN AN EFFICIENT, COST



EFFECTIVE MANNER.

THE WASTE IN THE INACTIVE SITE PONDS IS CONSIDERED A RCRA LISTED HAZARDOUS WASTE.  THE WASTE, APPROXIMATELY
2,100 CY, WILL BE LOADED ONTO LINED TRUCKS AND TRANSPORTED TO AN OFF-SITE INCINERATOR PERMITTED TO ACCEPT
F001, F005, AND F019 LISTED WASTES.  THE WASTE WILL BE TREATED TO COMPLY WITH THE F001 AND F005 LDR TREATMENT
STANDARDS.  IF INCINERATION IS USED AND RESIDUES DO NOT SATISFY THE LDR TREATMENT STANDARDS FOR F019
(INORGANIC) WASTES, THEY WILL BE STABILIZED PRIOR TO LAND DISPOSAL IN A RCRA LANDFILL.  THESE ACTIVITIES WILL
BE CONSISTENT WITH SECTION 121(D)(3) OF CERCLA.

ON SITE, APPROXIMATELY 24,400 CY OF CONTAMINATED BACKFILL AND ALLUVIUM WILL BE TREATED BY THERMAL EXTRACTION
TO REMOVE VOLATILE AND SEMIVOLATILE ORGANIC CONTAMINANTS.  THERMAL EXTRACTION IS A LOW TEMPERATURE THERMAL
TREATMENT PROCESS WHICH VOLATILIZES ORGANIC CONTAMINANTS FROM THE SOIL MATRIX.  OPERATING TEMPERATURES ARE
LOW, PREVENTING COMBUSTION OF THE ORGANIC CONTAMINANTS AND OXIDATION OF THE INORGANIC CONTAMINANTS.  THE
PROCESS PRODUCES AN ORGANIC-FREE SOIL AND AN OFF-GAS THAT, WHEN TREATED, GENERATES WASTE WATER, CLEAN AIR,
AND AN ORGANICALLY CONTAMINATED SLUDGE.

A TYPICAL THERMAL EXTRACTION SYSTEM WOULD CONSIST OF AN EXTRACTION VESSEL AND GAS TREATMENT SYSTEM.  MATERIAL
TO BE THERMALLY TREATED WOULD BE SCREENED AND/OR UNDERGO SIZE REDUCTION TO REMOVE LARGE PARTICLES. SEVERAL
TYPES OF THERMAL EXTRACTION PROCESSES ARE AVAILABLE.  SELECTION OF THE EQUIPMENT WILL BE PERFORMED DURING THE
DESIGN PHASE.  THE OFF GAS TREATMENT SYSTEM REMOVES CONTAMINANTS FROM THE GAS STREAM USUALLY WITH A CONDENSER
AND PARTICULATE COLLECTION EQUIPMENT.

THERMAL EXTRACTION DIFFERS FROM INCINERATION IN SEVERAL WAYS.  ONE OF THE MAJOR DIFFERENCES IS THAT THERMAL
EXTRACTION IS NOT A COMBUSTION PROCESS AND, THEREFORE, DOES NOT HAVE STRINGENT PERMIT REQUIREMENTS. THE
THERMAL EXTRACTION PROCESS OPERATES AT SIGNIFICANTLY LOWER TEMPERATURES COMPARED TO INCINERATION.  THERMAL
EXTRACTION IS ACCOMPLISHED AT 300-600 DEGREE FAHRENHEIT WHILE INCINERATION REQUIRES A MINIMUM TEMPERATURE OF
1,200 DEGREE FAHRENHEIT.  THERMAL EXTRACTION CONTRIBUTES LESS TO THERMAL POLLUTION THEN INCINERATION BECAUSE
GAS EXITING THE STACK IS USUALLY WITHIN 10 DEGREE FAHRENHEIT OF AMBIENT AIR TEMPERATURES.  THERMAL EXTRACTION
IS BEST SUITED FOR LOW LEVEL ORGANIC CONTAMINATION WHEREAS INCINERATION IS BEST FOR HIGH ORGANIC MATERIALS
WITH SIGNIFICANT HEAT VALUE.

ONE OF THE MAJOR DIFFERENCES BETWEEN THERMAL EXTRACTION AND INCINERATION IS THAT THERMAL EXTRACTION IS A
REMOVAL TECHNOLOGY AND INCINERATION IS A DESTRUCTION TECHNOLOGY.  AS A RESULT, THE ORGANIC-LADEN SLUDGE
RESIDUE GENERATED FROM THERMAL EXTRACTION, WHICH IS ON THE ORDER OF 0.5 TO 10 PERCENT OF THE FEED VOLUME,
REQUIRES ADDITIONAL TREATMENT VIA INCINERATION TO ACHIEVE DESTRUCTION TO LEVELS ACCEPTABLE FOR LAND DISPOSAL. 
INCINERATION IS MORE EFFICIENT THAN THERMAL EXTRACTION AT REMOVING ORGANIC CONTAMINANTS.  INCINERATION HAS A
DESTRUCTION AND REMOVAL EFFICIENCY (ORE) OF 99.99 PERCENT COMPARED TO A REMOVAL EFFICIENCY FOR THERMAL
EXTRACTION OF UP TO 99 PERCENT.  MOBILE OR TRANSPORTABLE UNITS ARE AVAILABLE FOR BOTH TECHNOLOGIES.

FOLLOWING THERMAL TREATMENT, APPROXIMATELY 24,400 CY OF BACKFILL AND ALLUVIUM WOULD BE TREATED BY EX-SITU
STABILIZATION.  THE STABILIZATION PROCESS INCORPORATES THE CONTAMINATED SOIL INTO A MATRIX ADDITIVES SUCH AS
PORTLAND CEMENT, WATER, AND PROPRIETARY COMPOUNDS TO IMMOBILIZE THE CONTAMINANTS BY CHEMICALLY AND PHYSICALLY
BINDING THEM IN-PLACE.

STABILIZATION PROCESSES EMPLOY ION EXCHANGE, NUCLEATION, CHEMICAL BONDING, AND OTHER CHEMICAL REACTIONS TO
TREAT CONTAMINATED MATERIALS. REMOVING THE ORGANIC CONTAMINANTS BY THERMAL EXTRACTION WILL INCREASE THE
EFFECTIVENESS OF STABILIZATION.

STABILIZATION CAN BE PERFORMED IN A OPEN PIT, IN CONCRETE TRUCKS, AND IN FABRICATED SYSTEMS DESIGNED
SPECIFICALLY FOR STABILIZATION.  BOTH STATIONARY AND MOBILE SYSTEMS, ARE AVAILABLE.  THE BACKFILL AND
ALLUVIUM WOULD BE MIXED WITH ADDITIVES IN A MANNER TO BE DETERMINED DURING THE DESIGN PHASE.  THE MIXED
PRODUCT WILL BE PLACED BACK INTO THE EXCAVATION AND CAPPED.

THE REMEDIATION GOAL FOR TREATMENT OF THE CONTAMINATED SOIL IS TO MEET LDR TREATMENT STANDARDS FOR THE WASTE
TYPES IDENTIFIED ABOVE.  IF PILOT SCALE TREATABILITY STUDIES DEMONSTRATE THAT TREATMENT LEVELS SPECIFIED BY
LDR STANDARDS CANNOT BE ACHIEVED, A TREATMENT LEVEL BASED UPON SOIL AND DEBRIS VARIANCES WILL BE ESTABLISHED. 
THE COMBINATION OF REMOVING ORGANIC CONTAMINATION AND IMMOBILIZING INORGANIC CONTAMINATION WILL PROTECT
GROUND WATER FROM CONTAMINANT LEACHING AND REDUCE THE POTENTIAL FOR DIRECT CONTACT WITH CONTAMINATED SOIL.

A MULTI-LAYERED, ENGINEERED CAP WILL BE INSTALLED TO COVER ANY AREA WHERE TREATED SOIL IS RETURNED TO THE
INACTIVE SITE.  THE CAP WILL BE CONSISTENT WITH RCRA CAPPING DESIGN STANDARDS FOR LAND DISPOSAL UNITS.

A RCRA CAP IS PROPOSED FOR COVERING THE INACTIVE SITE AREA, FOLLOWING REPLACEMENT OF TREATED MATERIALS.  THIS
MAY INCLUDE THE FIVE PONDS AND THE AREA ADJACENT TO THE PONDS AS DEPICTED IN FIGURE 8-2.  THE EXTENT OF
CAPPING WILL BE DETERMINED DURING THE DESIGN PHASE.  A RCRA CAP WAS SELECTED BECAUSE IT IS THE BEST
DEMONSTRATED AVAILABLE TECHNOLOGY.  IT PROVIDES A HIGH DEGREE OF EFFECTIVENESS AT A REASONABLE COST AND IS
EASILY MAINTAINED.



THE RCRA CAP WOULD CONSIST OF AN UPPER VEGETATED LAYER UNDERLAIN BY A DRAINAGE LAYER OVER A LOW PERMEABILITY
LAYER AS SHOWN IN FIGURE 8-2. THE LOW PERMEABILITY LAYER CAN BE COMPOSED OF NATURAL SOIL, ADMIXED SOIL, A
SYNTHETIC LINER, OR ANY COMBINATION OF THESE MATERIALS.  A SYNTHETIC LINER WOULD OVERLAY THE LOW PERMEABILITY
NATURAL SOIL OR SOIL ADMIX.  THE SYNTHETIC LINER ALLOWS MINIMAL LIQUID PENETRATION FOR A MINIMUM OF 20 YEARS
AS LONG AS IT IS PROPERLY INSTALLED AND MAINTAINED IN ACCORDANCE WITH THE MANUFACTURER'S INSTRUCTIONS.  THE
LOW PERMEABILITY SOIL LAYER PROVIDES ADDITIONAL PROTECTION IN THE EVENT THE SYNTHETIC LINER FAILS.

RELATIVE TO OTHER CAPPING OPTIONS, THE RCRA CAP REQUIRES LITTLE MAINTENANCE.  SINCE MOST OF THE CAP IS
COMPOSED OF NATURAL MATERIALS, EROSION AND SETTLEMENT ARE THE MAJOR CONCERN.  BOTH CONCERNS WOULD BE
MINIMIZED BY ESTABLISHING AND MAINTAINING A HEALTHY VEGETATIVE COVER. THE CAP WOULD BE INSPECTED REGULARLY
FOR THE DESIGN LIFE OF THE CAP.

GROUND WATER MONITORING WILL BE CONDUCTED AROUND THE INACTIVE SITE TO MONITOR POTENTIAL CONTAMINANT MIGRATION
FROM THE AREA.  SOIL SAMPLES WILL BE COLLECTED FROM THE CHEMICAL STORAGE TANK AREA TO EVALUATE THE TREATMENT
EFFECTIVENESS.

THE SITE WILL BE MONITORED ON A ROUTINE BASIS CONSISTENT WITH RCRA REQUIREMENTS TO DETERMINE IF THE REMEDY IS
EFFECTIVELY REDUCING CONTAMINANT LEVELS IN THE GROUND WATER AND IF THE SOURCE CONTROL MEASURES EFFECTIVELY
PRECLUDE CONTAMINANT LOADING ON THE GROUND WATER. POST-CLOSURE MONITORING IS REQUIRED AND WILL BE PERFORMED
ANNUALLY OR MORE FREQUENTLY.

DURING THE RI/FS PROCESS, BENCH SCALE TREATABILITY TESTS WERE PERFORMED ON INACTIVE SITE MATERIALS TO STUDY
THERMAL AND STABILIZATION TREATMENT. THE ANALYSIS OF THE TREATABILITY TEST RESULTS IS REPORTED IN THE TEST
REPORT (GERAGHTY & MILLER, 1987B).  IN GENERAL, THE TEST RESULTS WERE SUPPORTIVE OF THE SELECTED REMEDY.  THE
THERMAL TREATMENT TESTING DEMONSTRATED THAT BOTH SEMI-VOLATILE AND VOLATILE ORGANIC COMPOUNDS ARE REMOVED
FROM POND SAMPLES AT A TREATMENT TEMPERATURE OF 1022 DEGREE FAHRENHEIT 550 DEGREE CENTIGRADE BUT NOT AT 220
DEGREE FAHRENHEIT 104 DEGREE CENTIGRADE).  THE TEST RESULTS REPORT CONCLUDED THAT REMOVAL EFFICIENCIES OF
GREATER THAN 99 PERCENT WERE ACHIEVED.  THE STABILIZATION TESTING RESULTS CONCLUDED THAT CEMENT BASED
TREATMENT WILL REDUCE MOBILITY OF CONTAMINANTS AND PROPOSED TREATMENT ADDITIVE RATIOS. HOWEVER, THE TEST
RESULTS CANNOT BE USED FOR THE PURPOSE OF REMEDIAL DESIGN.

ADDITIONAL TREATABILITY TESTING OF THERMAL VAPOR EXTRACTION AND STABILIZATION/SOLIDIFICATION MUST BE
PERFORMED TO SUPPORT THE DESIGN PHASE ACTIVITIES.  THIS TREATABILITY TESTING WILL BE USED TO VERIFY THE
EFFECTIVENESS OF THE TREATMENT PROCESSES AND ESTABLISH OPERATING PARAMETERS FOR DESIGN OF FULL SCALE
EQUIPMENT.

IN-SITU SOIL VAPOR EXTRACTION WOULD BE USED TO REMOVE TCE AND 1,1,1-TCA FROM THE CHEMICAL STORAGE TANK AREA
SUBSURFACE SOIL.  THE IN-SITU SOIL VAPOR EXTRACTION PROCESS IS DEPICTED IN FIGURE 8-3.  A SERIES OF
EXTRACTION WELLS CONNECTED TO A VACUUM PUMP WOULD BE INSTALLED IN AND AROUND THE CHEMICAL STORAGE TANK AREA
SUCH THAT THE CONES OF INFLUENCE WOULD EXTEND OVER THE ENTIRE CONTAMINATED AREA.  A SERIES OF INJECTION WELLS
CONNECTED TO A BLOWER OR VACUUM PUMP WOULD BE PLACED IN AND AROUND THE CHEMICAL STORAGE TANK AREA AND USED TO
INDUCE AIR FLOW THROUGH THE SOIL TO STRIP AND VOLATILIZE THE VOCS INTO THE AIR STREAM.  SUBSURFACE AIR, VOC
VAPORS, AND WATER VAPORS WOULD MIGRATE TOWARD THE VACUUM EXTRACTION WELLS IN RESPONSE TO THE NEGATIVE
PRESSURE GRADIENT AROUND THE WELL.

THE CONTAMINATED AIR AND VAPOR WOULD FLOW TO A VAPOR/LIQUID SEPARATOR WHERE CONTAMINATED WATER WOULD BE
REMOVED.  THE CONTAMINATED WATER WOULD BE TREATED TO MEET COPDES LIMITS IN MMAG'S INDUSTRIAL WASTE WATER
TREATMENT PLANT.  THE CONTAMINATED AIR STREAM WOULD BE TREATED TO REDUCE VOC CONCENTRATIONS TO AIR QUALITY
STANDARDS.  AIR EMISSIONS WOULD BE MONITORED AND ADDITIONAL CONTROLS WOULD BE INCORPORATED AS NECESSARY.

SOIL VAPOR EXTRACTION IS EXPECTED TO ACHIEVE AN ESTIMATED 99 PERCENT REMOVAL OF VOCS WHICH WILL PROVIDE LONG
TERM PROTECTION OF THE GROUND WATER BY FURTHER REDUCING THE POTENTIAL FOR CONTAMINANT LEACHING INTO THE
SATURATED ZONE.

ALTERNATIVE GW-4: CONTINUED OPERATION OF EXISTING RECOVERY WELL SYSTEMS/INSTALLATION OF ADDITIONAL RECOVERY
WELL SYSTEMS IN FILTER GULCH AND DRY GULCH UPGRADIENT FROM THE EXISTING RECOVERY WELL SYSTEMS/ADDITION OF A
RECOVERY WELL SYSTEM IN THE MS AREA/TREATMENT BY CHEMICAL REDUCTION, PRECIPITATION, CLARIFICATION, AIR
STRIPPING, CARBON ADSORPTION, ION EXCHANGE, AND/OR UV PHOTOLYSIS-OXIDATION/DISCHARGE TO BRUSH CREEK

BECAUSE THE GROUND WATER SUPPLIED BOTH DOMESTIC AND AGRICULTURAL WATER, AND THERE IS A POTENTIAL FOR THE
GROUND WATER TO BE USED FOR THESE PURPOSES IN THE FUTURE, ALTERNATIVE GW-4 IS SELECTED TO RESTORE GROUND
WATER TO ITS BENEFICIAL USES.  PRESENTLY, THE GROUND WATER IS CONTAMINATED WITH VOCS, SEMI-VOLATILES AND
CHROMIUM AT LEVELS THAT POSE SIGNIFICANT HEALTH THREATS WHERE THE WATER USED IS FOR DOMESTIC PURPOSES.

GROUND WATER ALTERNATIVE GW-4 WILL PRECLUDE CONTAMINATED MIGRATION OFF-SITE IN THE ALLUVIAL GROUND WATER BY
REMOVING ORGANIC AND INORGANIC CONTAMINANTS FROM THE ALLUVIAL GROUND WATER TO MEET REMEDIATION GOALS.
ADDITIONALLY, GROUND WATER IN THE FOUNTAIN FORMATION IN THE VICINITY OF THE CHEM MILL AND HYDROSTAT TANK



AREAS HIGHLY CONTAMINATED WITH VOCS AND CHROMIUM WILL BE COLLECTED AND TREATED.

THE GROUND WATER RESPONSE ACTION IS GENERALLY LIMITED TO THE ALLUVIAL SYSTEM, EXCEPT FOR GROUND WATER IN THE
M3 AREA.  THE BASIS FOR THIS DECISION IS THE FACT THAT BEDROCK FLOW IS EXTREMELY LOW RELATIVE TO THE ALLUVIAL
FLOW, CONTAMINANT MIGRATION IS PRIMARILY DIRECTED DOWN-DIP AND SUBSEQUENTLY CONFINED BY A SHALE FORMATION AS
DESCRIBED IN SECTION 4.3.1.  ADDITIONALLY, BEDROCK WOULD NOT YIELD SUFFICIENT WATER TO BE USED FOR DOMESTIC
OR AGRICULTURAL PURPOSES.  HOWEVER, MONITORING OF BEDROCK AND ALLUVIUM WILL BE CONDUCTED TO EVALUATE
MIGRATION OF CONTAMINANTS IN THE BEDROCK, AND REMEDIATION GOALS ARE LIKELY TO BE MET AT SOME POINT IN THE
FUTURE AS A RESULT OF NATURAL ATTENUATION AND THE OTHER RESPONSE ACTIONS.

THE GROUND WATER WILL BE RECOVERED FROM THE FIVE SYSTEMS AND PUMPED TO THE IWTP IN THE M3 AREA WHERE ORGANIC
AND INORGANIC CONTAMINANTS WILL BE REMOVED.  THE IWTP WOULD INCLUDE AIR STRIPPING, CARBON ADSORPTION, ION
EXCHANGE, UV PHOTOLYSIS/OXIDATION, CHEMICAL REDUCTION, PRECIPITATION, AND CLARIFICATION PROCESSES.  GROUND
WATER MAY BE TREATED SEPARATELY THROUGH SOME OF THE PROCESSES.  ONLY, CHROMIUM CONTAMINATED WATER WOULD
PROCEED THROUGH THE CHROMIUM REMOVAL STEP.  THE TREATED EFFLUENT WOULD BE DISCHARGED TO THE BRUSH CREEK MMAG
WASTE WATER OUTFALL (COPDES PERMIT #0001511), LOCATED APPROXIMATELY 100 FEET DOWNSTREAM OF THE BRUSH CREEK
RECOVERY SYSTEM, AS SHOWN IN FIGURE 8-4.

GROUND WATER MODELING INDICATES THAT GROUND WATER RESTORATION TIME FRAMES REQUIRED TO ATTAIN RESTORATION
GOALS ARE APPROXIMATELY 45 YEARS FOR ON-SITE GROUND WATER AND IN EXCESS OF 5 YEARS FOR OFF-SITE GROUND WATER. 
THE MODEL ASSUMES THAT SOURCES OF CONTAMINATION ARE COMPLETELY REMOVED.  GIVEN THIS ASSUMPTIONS AND OTHERS,
THE LENGTH OF TIME REQUIRED FOR GROUND WATER RESTORATION IS ONLY AN ESTIMATE.

GROUND WATER MONITORING WILL BE CONDUCTED SEMIANNUALLY, AT A MINIMUM, THROUGH SUFFICIENT NUMBER OF WELLS TO
TRACK CONTAMINANT MIGRATION FROM THE SITE TO ASSESS POTENTIAL RISKS.  EXACT WELL LOCATIONS WILL BE DETERMINED
DURING THE DESIGN PHASE.  THE MONITORING WOULD BE DONE IN THE FOLLOWING AREAS:

M3, FILTER GULCH, AND KASSLER:

ALLUVIUM

• UP AND DOWN-GRADIENT OF THE EVAPORATION POND
• IN THE CENTRAL M3 AREA NEAR MOD C ALONG FILTER GULCH, BOTH ABOVE AND BELOW THE FILTER GULCH

RECOVERY SYSTEM
• AT THE MOUTH OF FILTER GULCH IN THE KASSLER AREA

BEDROCK

• DOWNGRADIENT FROM THE CHEMICAL TANKS AT THE NORTH DOOR OF THE FACTORY
• DOWNGRADIENT FROM THE EVAPORATION POND
• IN THE CENTRAL M3 AREA NEAR MOD C
• DOWNGRADIENT FROM THE FORMER LOCATION OF THE EHT
• ON THE SOUTH SIDE OF FILTER GULCH, SOUTHEAST OF THE EVAPORATION POND
• ALONG FILTER GULCH, BOTH ABOVE AND BELOW THE EXISTING FILTER GULCH RECOVERY SYSTEM
• AT THE MOUTH OF FILTER GULCH IN THE KASSLER

INACTIVE SITE AREA:

ALLUVIUM

• ALONG ALLUVIAL GROUND WATER PATHWAYS DIRECTLY NORTH OF THE PONDS APPROXIMATELY 400 FEET
DOWNGRADIENT (SOUTH) OF POND 1

• ALONG DRY GULCH AT LOCATIONS APPROXIMATELY 1,000 FEET, 2,100 FEET, AND 4,000 FEET DOWNGRADIENT
OF THE PONDS

• ALONG THE WEST BRANCH OF BRUSH CREEK APPROXIMATELY 300 FEET SOUTH-SOUTHEAST OF POND 1

BEDROCK

• APPROXIMATELY 180 FEET NORTH OF POND 4
• ALONG THE WEST BRANCH OF BRUSH CREEK, 300 FEET SOUTH-SOUTHEAST OF POND 1 APPROXIMATELY 400 FEET

SOUTH-SOUTHEAST OF POND 1
• ALONG DRY GULCH AT LOCATIONS 1,000 FEET, 2,100 FEET, 2,700 FEET, AND 4,000 FEET SOUTH-SOUTHEAST

OF THE PONDS
• IN THE LYONS SANDSTONE 1,000 FEET EAST-NORTHEAST OF THE PONDS



BRUSH CREEK (EAST AND WEST BRANCHES) AND KASSLER:

ALLUVIUM

• ALONG THE WEST BRANCH AT THE CONFLUENCE WITH DRY GULCH
• ABOVE AND BELOW THE LOWER BRUSH CREEK RECOVERY SYSTEM
• ALONG THE EAST BRANCH, DOWNGRADIENT FROM THE RIFLE RANGE LANDFILL
• ALONG THE EAST BRANCH ABOVE THE CONFLUENCE WITH THE WEST BRANCH
• IN THE SOUTH PLATTE ALLUVIUM ALONG BRUSH CREEK, NEAR THE 5-SIDED WELL AND UPGRADIENT FROM THE

DEPARTMENT OF WILDLIFE PONDS

BEDROCK

• ALONG THE WEST BRANCH AT THE CONFLUENCE WITH DRY GULCH
• IN THE GLENNON LIMESTONE NEAR THE WEST BRANCH
• IN THE SOUTH PLATTE/LYTLE FORMATION BELOW THE LOWER BRUSH CREEK RECOVERY SYSTEM
• DOWNGRADIENT FROM THE RIFLE RANGE LANDFILL

NORTH CENTRAL VALLEY:

ALLUVIUM

• ALONG THE SOUTHERN EXTENSION OF LARIAT GULCH, 800 FEET NORTH OF THE AIR FORCE PROPERTY BOUNDARY
AND 1,000 FEET NORTH OF THE BOUNDARY AT THE CONFLUENCE OF THE SOUTHERN EXTENSION WITH THE MAIN
BRANCH OF LARIAT GULCH

BEDROCK

• ALONG THE SOUTHERN EXTENSION OF LARIAT GULCH 800 FEET NORTH OF THE AIR FORCE PROPERTY BOUNDARY

THE RCRA PART B AND POST-CLOSURE PERMITS WILL PLACE RESTRICTIONS ON THE INSTALLATION OF NEW GROUND WATER
SUPPLY WELLS AND PROVISIONS FOR MMAG TO PROVIDE AN ALTERNATE WATER SUPPLY SHOULD THE NEED ARISE DURING THE
IMPLEMENTATION OF ALTERNATIVE GW-4.

ONE OF THE NEW RECOVERY SYSTEMS WILL BE INSTALLED IN DRY GULCH IN A MORE HIGHLY CONTAMINATED AREA,
APPROXIMATELY 3,500 FEET SOUTHEAST OF THE INACTIVE SITE, AND ANOTHER WILL BE INSTALLED IN FILTER GULCH
SOUTHEAST OF THE M3 AREA, APPROXIMATELY 200 FEET NORTH OF THE MMAG PROPERTY BOUNDARY. THE NEW RECOVERY SYSTEM
IN DRY GULCH WILL PROBABLY CONSIST OF A TRENCH AND WELL SYSTEM SIMILAR TO THE EXISTING BRUSH CREEK SYSTEM.
THE NEW SYSTEM IN FILTER GULCH WOULD PROBABLY CONSIST OF A LINE OF RECOVERY WELLS SIMILAR TO THE EXISTING
FILTER GULCH SYSTEM.  WATER PURCHASED FROM THE DENVER WATER DEPARTMENT WOULD BE RECHARGED INTO THE ALLUVIUM
AT DRY GULCH AND THE M3 AREA TO ENHANCE EXTRACTION RATES AND FLUSHING OF THE ALLUVIUM FOR MORE RAPID
RESTORATION.  ADDITIONALLY, A RECOVERY SYSTEM WILL BE INSTALLED IN THE CLEAN MILL SUMPS AND EXTRACTION WELLS
WILL BE PLACED NEAR THE HTT AREA.

IT MAY ALSO BE NECESSARY TO INSTALL AN EXTRACTION SYSTEM UPGRADIENT OF THE INACTIVE SITE RECHARGE SYSTEM TO
COLLECT GROUND WATER LOCATED BETWEEN THE PONDS AND THE RECHARGE SYSTEM.  THE NEED FOR SUCH A SYSTEM WOULD BE
EVALUATED DURING THE DESIGN PHASE.  FIGURE 84 PROVIDES A SUMMARY OF ALL THE GROUND WATER RECOVERY SYSTEM
LOCATIONS.

EXTRACTED GROUND WATER WILL BE TREATED BY CHEMICAL REDUCTION, PRECIPITATION, AIR STRIPPING, CARBON
ADSORPTION, ION EXCHANGE, AND UV PHOTOLYSIS/OXIDATION, CHEMICAL REDUCTION, AND CHEMICAL PRECIPITATION (SEE,
FIGURE 8-5).  THE PROCESS DESIGN AND FINAL METHODS OF TREATMENT WILL BE DETERMINED DURING DESIGN PHASE.

AIR STRIPPING IS A WIDELY USED PROCESS FOR REMOVING VOCS FROM AQUEOUS STREAMS.  THE DEGREE TO WHICH THE
CONTAMINANT ENTERS THE GASEOUS PHASE DEPENDS ON A COMBINATION OF PHYSICAL AND CHEMICAL CHARACTERISTICS OF THE
CONTAMINANT SUCH AS THE DIFFUSIVITY, MOLECULAR WEIGHT, SOLUBILITY, AND VAPOR PRESSURE, AS WELL AS THE DESIGN
OF THE AERATION SYSTEM EMPLOYED. ONE OF THE MORE IMPORTANT CHARACTERISTICS OF A VOLATILE ORGANIC COMPOUND IS
ITS HENRY'S LAW CONSTANT.  THE GREATER THE HENRY'S LAW CONSTANT FOR A PARTICULAR VOC, THE EASIER A VOC IS
REMOVED FROM WATER BY AERATION.  THE HENRY'S LAW CONSTANT IS A FUNCTION OF TEMPERATURE, THEREFORE, THE WATER
TEMPERATURE WILL ALSO AFFECT THE AMENABILITY OF A CONTAMINANT TO REMOVAL BY AERATION.

AIR STRIPPING IS GENERALLY USED TO REMOVE VOCS THAT HAVE A HENRY'S LAW CONSTANT GREATER THAN 3.0 X (10-3)
ATM-M(3)/MOLE FROM AQUEOUS LIQUIDS AND WOULD EFFECTIVELY REMOVE GROUND WATER CONTAMINANTS SUCH AS TCE, DCE,
AND TOLUENE FOUND AT THE MMAG SITE.

THE AIR STRIPPING SYSTEM IN USE AT MMAG IS A COUNTER-CURRENT PACKED TOWER.  WATER IS INTRODUCED AT THE TOP OF
THE TOWER AND FLOWS BY GRAVITY THROUGH PACKING MEDIA, WHICH SERVES AS THE MASS TRANSFER SURFACE AREA. AT THE



SAME TIME, AIR IS BLOWN UPWARD THROUGH THE TOWER IN A COUNTERCURRENT FLOW.  THE AIR IS EXHAUSTED THROUGH THE
TOP OF THE TOWER. THE PROCESS TRANSFERS ORGANIC CONTAMINANTS FROM THE WASTEWATER TO THE AIR STREAM.  THE
TREATED EFFLUENT IS REMOVED FROM THE BOTTOM OF THE TOWER, COLLECTED IN A SUMP, AND PUMPED TO THE CARBON
ADSORPTION UNIT.

THE PRINCIPAL ENVIRONMENTAL CONCERN ASSOCIATED WITH AIR STRIPPING IS THE GENERATION OF VOLATILE ORGANIC AIR
EMISSIONS.  AS PART OF THE FINAL REMEDY, EPA AND CDH HAVE DECIDED TO INCLUDE, AS PART OF THE AIR STRIPPING
PROCESS, AN ACTIVATED CARBON ADSORPTION EMISSION CONTROL SYSTEM.  THE EMISSION CONTROL SYSTEM IS ADDED TO
COMPLY WITH THE NATIONAL POLICY (OSWER DIR. 9355.0-28) CALLING FOR EMISSION CONTROLS FOR AIR STRIPPING IN
AREAS OF NON-ATTAINMENT WITH RESPECT TO AMBIENT AIR QUALITY STANDARDS. ADDITIONALLY, THE RESPONSE ACTIONS ARE
INTENDED TO REDUCE CONTAMINANT TOXICITY, MOBILITY OR VOLUME IN THE ENVIRONMENT AND NOT CAUSE CROSS-MEDIA
CONTAMINATION.  THIS DECISION IS NOT BASED SOLELY ON CANCER RISK CONSIDERATIONS.  THE JUSTIFICATIONS FOR HIS
DECISION INCLUDE COMMUNITY ACCEPTANCE AND THE NEED TO CONTROL VOC EMISSIONS TO REDUCE ATMOSPHERIC IMPACTS ON
OZONE.

LIQUID EFFLUENT FROM THE AIR STRIPPER WILL BE SENT TO THE CARBON ADSORBER.  CARBON ADSORPTION REMOVES THE
ORGANIC CONTAMINANTS FROM THE LIQUID STREAM BY ABSORBING THEM ONTO A HIGH SURFACE AREA ACTIVATED CARBON BED
COMPRISED OF EITHER GRANULAR OR POWDERED CARBON.  ACTIVATED CARBON WILL ALSO ADSORB MOST METAL CHELATED WITH
ORGANIC COMPOUNDS. FACTORS AFFECTING THE ADSORPTION PROCESS INCLUDE THE CARBON PORE STRUCTURE, CARBON CONTACT
TIME, TEMPERATURE, AND PH.  TREATED EFFLUENT FROM THE CARBON ADSORBER WOULD BE NEXT PROCESSED IN THE UV
PHOTOLYSIS SYSTEM.  USED CARBON MATERIAL WOULD BE PERIODICALLY REGENERATED OR DISPOSED OFFSITE.

ULTRA-VIOLET (UV) PHOTOLYSIS IS A PROCESS THAT USES UV RADIATION TO DESTROY OR DETOXIFY ORGANIC CONTAMINANTS
IN AQUEOUS SOLUTIONS. OXIDATION IS COMBINED WITH UV PHOTOLYSIS TO ENHANCE THE EFFICIENCY AND RATE OF THE
REACTIONS FOR COMPOUNDS THAT ARE DIFFICULT TO OXIDIZE.  UV PHOTOLYSIS WILL BE USED AT MMAG TO REMOVE NDMA AND
UDMH FROM THE GROUND WATER.

TREATABILITY STUDIES WILL BE REQUIRED TO SELECT THE APPROPRIATE DESIGN FOR THE UV/OXIDATION PROCESS.  SEVERAL
OPTIONS EXIST WHICH INCLUDE USING SOLAR AND LAMP GENERATED UV LIGHT.

THE ION EXCHANGE PROCESS EQUIPMENT CONSISTS OF COLUMNS CONTAINING SOLID ION EXCHANGE RESINS.  THESE RESINS
CONTAIN CHARGED SURFACE SITES THAT ARE INITIALLY OCCUPIED BY WEAKLY HELD MONOVALENT ANIONS OR CATIONS SUCH AS
CHLORIDE, HYDROXYL, SODIUM, OR HYDROGEN IONS.  THE CONTAMINANT IONS DISPLACE THE ORIGINAL IONS FROM THE
EXCHANGE SITES AND ARE REMOVED FROM THE WASTEWATER STREAM AS A RESULT OF HIGH AFFINITY FOR THE CHARGED SITES
ON THE SURFACE OF THE RESINS.

EXCHANGE RESINS ARE REVERSIBLE, AND ARE PERIODICALLY REGENERATED FOR REUSE.  BOTH ANIONS AND CATIONS CAN BE
REMOVED FROM THE GROUND WATER STREAM BY PLACING A CATION EXCHANGE COLUMN AND ANION EXCHANGE COLUMN IN SERIES. 
THIS TYPE OF SYSTEM WOULD HAVE THE CAPABILITY TO REMOVE A WIDE RANGE OF INORGANIC DISSOLVED CONTAMINANTS SUCH
AS METALLIC ANIONS AND CATIONS, HALIDES, SULFATES, AND ORGANIC ACIDS AND BASES.  THE EXACT CONFIGURATION OF
THE ION EXCHANGE PROCESS WILL BE DETERMINED DURING DESIGN.

REGENERATION OF ION EXCHANGE RESINS PRODUCES A CONCENTRATED SOLUTION OF CONTAMINANTS THAT MAY REQUIRE
TREATMENT PRIOR TO DISPOSAL.

REDUCTION/OXIDATION MAY BE USED TO TREAT HEXAVALENT CHROMIUM IN THE GROUND WATER.  IN THIS PROCESS THE
OXIDATION STATE OF ONE REACTANT IS RAISED WHILE THE OTHER IS LOWERED.  THIS PROCESS IS USED TO REDUCE THE
TOXICITY OF HEXAVALENT CHROMIUM BY CONVERTING IT TO THE TRIVALENT STATE. TYPICAL REDUCING AGENTS USED IN THE
PROCESS ARE FERROUS SULFATE, SULFUR DIOXIDE, AND SODIUM CHLOROHYDRIDE.

THE CHEMICAL PRECIPITATION STEP IS A PHYSICOCHEMICAL PROCESS THROUGH WHICH SOME OR ALL OF A SUBSTANCE IN
SOLUTION IS TRANSFORMED INTO A SOLID PHASE.  PRECIPITATION WOULD FOLLOW THE CHEMICAL REDUCTION PHASE TO
SEPARATE THE SOLID METALS FROM THE LIQUID PHASE.  THE PROCESS IS BASED ON ALTERING THE CHEMICAL EQUILIBRIUM
RELATIONSHIPS AFFECTING THE SOLUBILITY OF INORGANIC SPECIES.  PRECIPITATION WOULD BE USED TO REMOVE THE
CHROMIUM AND OTHER METALS FROM SOLUTION.  OTHER INORGANIC CONTAMINANTS SUCH AS PHOSPHATE, SULFATE, AND
FLUORIDE WOULD BE REMOVED AS NECESSARY.

THE REMOVAL OF METALS WOULD BE ACCOMPLISHED THROUGH THE ADDITION OF LIME, SODIUM HYDROXIDE, OR SODIUM SULFIDE
TO THE WATER IN A RAPID MIXING TANK ALONG WITH FLOCCULATING AGENTS.  THE WATER WOULD BE INTRODUCED TO A
FLOCCULATION TANK WHERE IT WOULD BE MIXED AND RETAINED TO ALLOW FOR AGGLOMERATION OF PRECIPITATE PARTICLES. 
SEDIMENTATION OR CLARIFICATION WOULD BE USED TO SETTLE OUT THE SLUDGE.  PRECIPITATION IS NONDESTRUCTIVE AND
GENERATES A LARGE VOLUME OF SLUDGE THAT MUST BE DISPOSED.

   SLUDGES, WASTE RESIDUES, AND SPENT CARBON RESULTING FROM THE TREATMENT OF THE GROUND WATER WOULD BE
ANALYZED FOR CONTAMINANT CONTENT AND DISPOSED OF ACCORDINGLY.  SLUDGES WILL BE DISPOSED AT AN OFF-SITE
PERMITTED HAZARDOUS WASTE TSD FACILITY.  SPENT CARBON AND ION EXCHANGE RESINS WOULD EITHER BE RECYCLED
(REGENERATED), AND/OR DISPOSED OFF-SITE.



THE TREATED EFFLUENT DISCHARGED FROM THE MMAG IWTP WILL MEET THE REQUIRED TREATMENT STANDARDS, SPECIFIED IN
MMAG'S COPDES PERMIT. MODIFICATIONS TO THE PERMIT RESULTING FROM IMPLEMENTATION OF THIS REMEDY ARE NOT
EXPECTED WITH THE EXCEPTION OF THE LIMIT FOR NDMA WHICH MAY BE LOWERED.

REMEDIATION GOALS

THE SELECTED REMEDY INCLUDES: (1) REMOVAL AND TREATMENT OF WASTE AND CONTAMINATED SOIL IN AND AROUND THE
INACTIVE SITE PONDS WHICH ACT AS THE CONTAMINATION SOURCE TO THE GROUND WATER; (2) IN SITU REMOVAL OF
CHLORINATED HYDROCARBONS FROM THE SOIL IN THE CHEMICAL STORAGE TANK AREA; (3) AND RECOVERY AND TREATMENT OF
CONTAMINATED GROUND WATER ON A SITE-WIDE BASIS (EXCLUDING LARIAT GULCH).  THE REMEDIATION GOALS ARE SET AT
CONCENTRATIONS BASED UPON CHEMICAL-SPECIFIC ARARS WHICH WILL ACHIEVE DRINKING WATER STANDARDS AND PROVIDE
LONG TERM PROTECTION OF THE GROUND WATER THROUGH SOURCE CONTROL MEASURES.  ADDITIONALLY, THE REMOVAL AND
CONTAINMENT OF CONTAMINANTS IN SOIL ON-SITE PREVENT FUTURE UNCONTROLLED EXPOSURE TO HUMANS AND WILDLIFE. 
FINALLY, THE REMEDY WILL PROTECT THE RECREATIONAL USES OF ADJACENT ARM BY PREVENTING CONTAMINANT LOADING ON
THE DOWN GRADIENT ENVIRONMENT BOTH IN THE SHORT TERM DURING IMPLEMENTATION AND IN THE LONG TERM AFTER
REMEDIATION GOALS ARE ACHIEVED.

THE REMEDIATION GOALS ARE SET AT LEVELS NECESSARY TO PROVIDE LONG-TERM PROTECTION OF HUMAN HEALTH AND THE
ENVIRONMENT WITH, TO THE EXTENT POSSIBLE, UNRESTRICTED USE OF THE SITE AND ADJACENT AREAS AND WATER MIGRATING
FROM THE SITE.

SOIL REMEDIATION GOALS (INACTIVE SITE AND CHEMICAL STORAGE TANK AREAS)

THE REMEDIATION GOALS FOR THE INACTIVE SITE POND AREA ARE AS FOLLOWS:

1. DEWATERING OF THE INACTIVE SITE POND AREA TO REMOVE CONTAMINATED PERCHED AND ALLUVIAL GROUND WATER TO
   ALLOW FOR THE SUBSEQUENT REMOVAL AND TREATMENT OF WASTE AND CONTAMINATED SOIL (ALLUVIUM AND BACKFILL).
   THIS WATER WILL BE TREATED TO MEET THE COPDES PERMIT STANDARDS BEFORE DISCHARGE.  THE LIMITS SET IN THE
   COPDES PERMIT (NO. C000001511) ARE PROTECTIVE OF HUMAN HEALTH AND THE ENVIRONMENT.

2. THE WASTE SLUDGE THAT IS READILY DIFFERENTIATED FROM SOIL (I.E., BASED UPON VISUAL INSPECTION) WILL BE
   SEPARATED FROM THE CONTAMINATED SOIL (BACKFILL AND ALLUVIUM) AND TRANSPORTED OFFSITE FOR TREATMENT AND
   DISPOSAL AT A PERMITTED HAZARDOUS WASTE TSDF.  THE WASTE WILL BE IDENTIFIED AS RESTRICTED WASTE SUBJECT TO
   ALL RCRA LDRS STANDARDS FOR TREATMENT AND DISPOSAL (40 CFR PARTS 264 AND 268).  THE OFF-SITE FACILITY MUST
   COMPLY WITH SECTION 121 (D)(3) OF CERCLA.

3. THE SOIL THAT IS CONTAMINATED WITH THE HAZARDOUS SUBSTANCES/CONSTITUENTS FROM THE WASTES WILL BE TREATED
   TO MEET THE STANDARDS, AS DESCRIBED BELOW, AND REPLACED IN THE AREA OF CONTAMINATION.

SOIL IN THE INACTIVE SITE AREA WILL BE ANALYZED TO DETERMINE IF IT MEETS ACTION LEVELS.  THE ACTION LEVELS
FOR CONTAMINATED SOIL ARE BASED UPON BOTH THE RCRA TOXICITY CHARACTERISTICS (TC) DETERMINATION ESTABLISHED IN
40 CFR PART 261 AND BACKGROUND CONCENTRATIONS.  THE NUMERICAL STANDARDS FOR EACH HAZARDOUS
SUBSTANCE/CONSTITUENT ARE DETERMINED BY THE APPLICATION OF THE TOXICITY CHARACTERISTIC LEACHING PROCEDURE
(TCLP). THESE ACTION LEVELS ARE SELECTED AS BEING PROTECTIVE OF THE WATER RESOURCES ON- AND OFF-SITE AND
REDUCING THE POTENTIAL FOR EXPOSURE THROUGH OTHER PATHWAYS.

THE TC-BASED ACTION LEVELS WERE DEVELOPED USING HEALTH-BASED CONCENTRATION THRESHOLDS INCLUDING MCLS, RFDS
AND RISK-SPECIFIC DOSES (RSDS) FOR DRINKING WATER (FR 55 MARCH 29, 1990 AT 11798 TO 11877).  THE LIMITS FOR
INDIVIDUAL CONTAMINANT CONCENTRATIONS IN THE LEACHATE ARE INTENDED TO BE PROTECTIVE OF HUMANS AND THE
ENVIRONMENT ASSUMING GROUND WATER IS A DRINKING WATER SOURCE.

SOIL THAT IS CONTAMINATED IN EXCESS OF THE ACTION LEVEL WILL BE TREATED TO MEET THE TREATMENT STANDARDS
PROMULGATED FOR THE RCRA HAZARDOUS WASTE UNDER THE LDRS (TABLE 8-1).  IN PRACTICE THIS WILL MEAN THAT SOIL,
INCLUDING ALLUVIUM AND WEATHERED BEDROCK, WILL BE EXCAVATED AND TREATED IF IT IS CONTAMINATED ABOVE ACTION
LEVELS.  (THE ABILITY TO EXCAVATE WEATHERED BEDROCK IS UNCERTAIN AND WILL REQUIRE EVALUATION AT THE TIME OF
IMPLEMENTATION.)

THE TREATMENT STANDARDS FOR RESTRICTED RCRA LISTED HAZARDOUS WASTE, AS DEFINED BY LDRS, WERE ESTABLISHED
BASED UPON BDAT FOR DISCRETE INDUSTRIAL WASTE STREAMS, NOT SOIL AND DEBRIS, AND THESE STANDARDS ARE GENERALLY
NOT APPROPRIATE FOR SOIL (FR 55 P. 8760, MARCH 8, 1990).  IF THE PILOT SCALE TREATABILITY STUDIES CONDUCTED
DURING THE REMEDY DESIGN PHASE DEMONSTRATE THAT IT IS NOT POSSIBLE OR COST-EFFECTIVE TO ACHIEVE THE LDR
TREATMENT STANDARDS FOR LISTED WASTE, A NEW TREATMENT STANDARD  WILL BE ESTABLISHED BASE UPON THE SOIL AND
DEBRIS TREATABILITY VARIANCE PROCESS FOR CERCLA RESPONSE AND RCRA CORRECTIVE ACTIONS (OSWER DIRECTIVE
9347.3-06FS, JULY 1989).



THE SOILS IN THE CHEMICAL STORAGE TANK AREA WILL BE TREATED IN-SITU REMOVING VOCS TO APPROXIMATELY 995
REMOVAL.  THE TARGET CLEAN UP LEVEL WILL BE THE LDR TREATMENT STANDARDS OR AN APPROPRIATE LEVEL BASED UPON 
SOIL AND DEBRIS TREATABILITY VARIANCE GUIDELINES.

GROUND WATER REMEDIATION GOALS

THE REMEDY SELECTED FOR THE GROUND WATER IS DESIGNED TO ADDRESS CONTAMINATED GROUND WATER EMANATING FROM BOTH
SOURCE AREAS IDENTIFIED DURING THE RI/FS AND UNITS REGULATED UNDER RCRA PROGRAM.  IN THIS WAY, THE REMEDY IS
A SITE-WIDE PROGRAM TO ADDRESS THE MOST SIGNIFICANT GROUND WATER CONTAMINATION IN THE ALLUVIUM AND A PORTION
OF THE BEDROCK IN THE M3 AREA.

BECAUSE GROUND WATER AT AND NEAR THE SITE IS A POTENTIAL SOURCE OF DRINKING WATER, THE REMEDIATION GOAL FOR
BOTH ON- AND OFF-SITE IS SET TO ALLOW USE OF THE GROUND WATER AS DRINKING WATER.  THE CHEMICAL-SPECIFIC
LEVELS ARE BASED UPON MCLS AND MCLGS UNDER THE SAFE DRINKING WATER ACT, COLORADO SECONDARY DRINKING WATER
STANDARDS, COLORADO GROUND WATER STANDARDS, AND HEALTH BASED CONCENTRATIONS (FOR NDMA)(SEE TABLE 8-2). WHERE
A CONTAMINANT HAS MORE THAN ONE STANDARD THE MOST STRINGENT APPLIES.  (ONLY MCLGS GREATER THAN ZERO ARE
RELEVANT AND APPROPRIATE.)

THE SELECTED REMEDY INCLUDING TREATMENT OF CONTAMINATED SOIL AND GROUND WATER IS INTENDED TO RESTORE GROUND
WATER TO ITS BENEFICIAL USES WHICH INCLUDED DRINKING WATER AND AGRICULTURAL SUPPLY.  THE DATA OBTAINED DURING
THE RI AND EVALUATION OF THE REMEDIAL ALTERNATIVES SUPPORT THE CONCLUSION THAT IT IS POSSIBLE TO ACHIEVE THE
REMEDIAL GOAL.  THE REMEDY WILL BE IMPLEMENTED WITH THE INTENT OF ACHIEVING THIS GOAL.  HOWEVER, IT MAY
BECOME APPARENT DURING THE OPERATION OF THE REMEDY THAT CONTAMINANT LEVELS HAVE CEASED TO DECLINE AND ARE
REMAINING CONSTANT AT LEVELS HIGHER THAN THE REMEDIATION GOALS.  IN SUCH A CASE, THE SYSTEM PERFORMANCE
STANDARDS AND/OR THE REMEDY MAY BE REEVALUATED BASED UPON THE DATA COLLECTED DURING THE REGULAR MONITORING
PROGRAM ESTABLISHED AS PART OF THE REMEDY.

A POTENTIAL TECHNICAL LIMITATION MAY PREVENT THE REMEDY FROM ACHIEVING THE REMEDIATION GOAL FOR NDMA IN THE
GROUND WATER.  THE 1OE-6 CANCER RISK FROM NDMA INGESTION ASSUMING EXPOSURE IN DRINKING WATER IS ESTIMATED AT
0.0007 UG/L.  USING THE BEST AVAILABLE ANALYTICAL PROCEDURES, THE EXISTING RELIABLE QUALIFICATION LIMIT FOR
COMPLIANCE MONITORING IS APPROXIMATELY 0.07 UG/L NDMA IN WATER.  THIS CORRESPONDS TO A 10E-4 CANCER RISK. 
THE ABILITY TO TREAT GROUND WATER TO REMOVE NDMA TO A CONCENTRATION EQUAL TO OR LESS THAN 0.07 UG/L HAS YET
TO BE DEMONSTRATED.

CHANGES OR ADJUSTMENT TO THE DESIGN OR OPERATION OF THE GROUND WATER RECOVERY AND TREATMENT SYSTEMS MAY BE
NECESSARY TO ACHIEVE THE REMEDIATION GOALS.  THIS WILL BE DETERMINED AFTER IMPLEMENTATION AND SUBSEQUENT
EVALUATION OF REMEDY PERFORMANCE.

REVISED COST ESTIMATE

TABLE 8-3 IS A SUMMARY OF THE TOTAL ESTIMATED COST FOR THE SELECTED REMEDY.

#SD
STATUTORY DETERMINATION

THE SELECTED REMEDY WILL COMPLY WITH ALL APPLICABLE ACTION-SPECIFIC, CHEMICAL SPECIFIC AND LOCATION-SPECIFIC
ARARS.

THE SELECTED REMEDY IS CONSISTENT WITH REQUIREMENTS OF CERCLA (AS AMENDED BY SARA) AND THE NCP.  UNDER
SECTION 121(B) OF SARA THE SELECTED REMEDY MUST SATISFY THE FOLLOWING FUNDAMENTAL CRITERIA:

1.   PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT
2.   COMPLIANCE WITH ARARS OR JUSTIFY A WAIVER.
3.   COST-EFFECTIVENESS
4.   USE PERMANENT SOLUTIONS AND ALTERNATIVE TECHNOLOGIES OR RESOURCE RECOVERY TECHNOLOGIES TO THE

            MAXIMUM EXTENT PRACTICABLE
5.   SATISFY THE PREFERENCE FOR TREATMENT TO REDUCE TOXICITY, MOBILITY, OR VOLUME AS A PRINCIPAL

            ELEMENT, OR PROVIDE AN EXPLANATION AS TO WHY THIS PREFERENCE IS NOT SATISFIED

PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT

IF EPA WERE TO SELECT THE NO ACTION ALTERNATIVE AS THE REMEDY, THE CONTAMINANTS ON-SITE WOULD CONTINUE TO BE
RELEASED TO GROUND WATER AND CONTAMINANT MIGRATION WOULD RESULT IN FURTHER DEGRADATION OF WATER RESOURCES
ON-SITE AND OFFSITE.  ECOLOGICAL IMPACTS COULD RESULT IN THE SOUTH PLATTE RIVER AND THE CHATFIELD RESERVOIR. 
THE POTENTIAL FOR HUMAN EXPOSURE TO THE CONTAMINANTS WOULD INCREASE AND THE GROUND WATER WOULD REMAIN USEABLE
IN THE FUTURE.  IF GROUND WATER WERE USED FOR DOMESTIC PURPOSES, THE HEALTH RISKS WOULD EXCEED ACCEPTABLE



LEVELS FOR CANCER AND NONCANCEROUS THREATS (IN OTHER WORDS CANCER RISKS ABOVE 1 X (10-3).

THE SELECTED REMEDY WILL SUBSTANTIALLY DECREASE THE RELEASE AND THREAT OF RELEASE OF HAZARDOUS SUBSTANCES,
POLLUTANTS AND CONTAMINANTS FROM THE SOIL AND GROUND WATER AT THE SITE.  THE CURRENT THREATS AND ANY
POTENTIAL FUTURE THREATS ASSOCIATED WITH DOMESTIC USE OF THE GROUND WATER WILL BE ADDRESSED BY TREATING AND
REMOVING THE SOURCES OF GROUND WATER CONTAMINATION AND TREATING THE GROUND WATER TO MEET DRINKING WATER
STANDARDS.  IN TERMS OF SHORT TERM EFFECTIVENESS, THE REMEDY IS ADEQUATE AS THERE ARE NO CURRENT USERS OF THE
GROUND WATER, AN ALTERNATE WATER SUPPLY WILL BE PROVIDED IF NEEDED, AND CONTAMINANT MIGRATION AND RELEASE
WILL BE REDUCED WITH THE IMPLEMENTATION OF THE REMEDY.  THREATS TO THE ENVIRONMENT OR HUMAN HEALTH ON AND
AROUND THE SITE ARE NOT EXPECTED DURING THE IMPLEMENTATION OF THE REMEDY BECAUSE THE EMISSIONS AND DISCHARGES
WILL MEET HEALTH BASED AND REGULATORY STANDARDS.

ACHIEVING THE GOALS OF REMEDIATION FOR THE GROUND WATER REMEDIATION IS ESTIMATED TO REQUIRE 45 YEARS. 
HOWEVER, THE SOURCE CONTROL MEASURES AT THE INACTIVE SITE PONDS WILL BE COMPLETED IN APPROXIMATELY 4 YEARS. 
THE COMBINATION OF TWO ALTERNATIVES WILL PROVIDE SHORT-TERM AND LONG-TERM PROTECTION OF THE ENVIRONMENT AND
HUMAN HEALTH.

AS AN ADDITIONAL MEASURE, BECAUSE THE SELECTED REMEDIAL ACTION RESULTS IN HAZARDOUS SUBSTANCE, POLLUTANTS OR
CONTAMINANTS REMAINING AT THE SITE, THE REMEDIATION WILL BE REVIEWED AT LEAST EVERY 5 YEARS AFTER THE
INITIATION OF THE REMEDY TO ASSURE HUMAN HEALTH AND THE ENVIRONMENT ARE BEING PROTECTED.

COMPLIANCE WITH APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS (ARARS) OF ENVIRONMENTAL LAWS

UNDER SECTION 121(D)(1) OF THE CERCLA, REMEDIAL ACTIONS THAT LEAVE ANY HAZARDOUS SUBSTANCE, POLLUTANT OR
CONTAMINANT ON SITE MUST ATTAIN A LEVEL OF CONTROL THAT AT LEAST ATTAINS STANDARDS, REQUIREMENTS,
LIMITATIONS, OR CRITERIA THAT ARE "APPLICABLE OR RELEVANT AND APPROPRIATE" UNDER THE CIRCUMSTANCES OF THE
RELEASE.  A REMEDIAL ACTION THAT DOES NOT ATTAIN ARARS MAY BE SELECTED ONLY IF A STATUTORY WAIVER IS
AVAILABLE AND DETERMINED TO BE APPROPRIATE.

"APPLICABLE" REQUIREMENTS ARE THOSE CLEAN-UP STANDARDS, STANDARDS OF CONTROL AND OTHER SUBSTANTIVE
ENVIRONMENTAL PROTECTION REQUIREMENTS, CRITERIA, OR LIMITATIONS PROMULGATED UNDER FEDERAL OR STATE LAW THAT
SPECIFICALLY ADDRESS A HAZARDOUS SUBSTANCE, POLLUTANT OR CONTAMINANT, REMEDIAL ACTION, LOCATION, OR OTHER
CIRCUMSTANCE AT A REMEDIAL ACTION SITE.  "RELEVANT AND APPROPRIATE" REQUIREMENTS ARE CLEAN-UP STANDARDS OF
CONTROL AND OTHER SUBSTANTIVE ENVIRONMENTAL PROTECTION REQUIREMENTS, CRITERIA, OR LIMITATIONS PROMULGATED
UNDER FEDERAL OR STATE LAW THAT, WHILE NOT "APPLICABLE" TO A HAZARDOUS SUBSTANCE, POLLUTANT, CONTAMINANT,
REMEDIAL ACTION, LOCATION, OR OTHER CIRCUMSTANCE AT A REMEDIAL ACTION SITE, ADDRESS PROBLEMS OR SITUATIONS
SUFFICIENTLY SIMILAR TO THOSE ENCOUNTERED AT THE SITE THAT THEIR USE IS WELL-SUITED TO THE PARTICULAR SITE. 
SEE THE NCP (40 CFR SECTION 300.430) FOR FURTHER INFORMATION.

THE SELECTED REMEDY WILL COMPLY WITH ALL APPLICABLE OR RELEVANT AND APPROPRIATE ACTION-SPECIFIC,
CHEMICAL-SPECIFIC AND LOCATION-SPECIFIC ARARS (TABLE 9-1).  THE ACTION-SPECIFIC ARARS APPLY TO OPERATING
SPECIFIC TECHNOLOGIES SUCH AS INCINERATION OR LANDFILLING OF HAZARDOUS WASTE. CHEMICAL-SPECIFIC ARARS ARE
THOSE WHICH SET LIMITS ON CONCENTRATIONS FOR INDIVIDUAL CHEMICALS SUCH AS MCL FOR DRINKING WATER. FINALLY,
THE LOCATION-SPECIFIC ARARS RELATE TO ACTIVITIES THAT ARE RESTRICTED, FROM OCCURRING BASED UPON SITE
CONDITIONS SUCH AS FLOOD PLAINS OR WETLANDS.

RESOURCE CONSERVATION AND RECOVERY ACT (RCRA) AND TOXIC SUBSTANCE CONTROL ACT (TSCA)

OFFSITE TRANSPORTATION, TREATMENT, STORAGE AND DISPOSAL OF LISTED HAZARDOUS WASTE AND PCBS IS SUBJECT TO
RCRA, TSCA AND CHWA AND APPLICABLE REGULATIONS, AS WELL AS SECTION 121(D)(3) OF CERCLA.

ON-SITE TREATMENT OF SOIL CONTAINING RCRA HAZARDOUS WASTE AND OTHER CONTAMINANTS, AND THE REDEPOSITING OF THE
TREATED SOIL IN THE AREA OF CONTAMINATION, WILL ARARS UNDER RCRA.  THE WASTE REMOVED FROM THE AREA OF
CONTAMINATION WILL BE TREATED AND DISPOSED OFFSITE.  THE SOIL WILL BE TREATED TO MEET LDR STANDARDS (FOR THE
LISTED WASTE TYPE) OR PROTECTIVE STANDARDS BASED ON A SOIL AND DEBRIS TREATABILITY VARIANCE.

RCRA REQUIREMENTS ARE APPLICABLE BECAUSE SOIL EXCAVATED AND TREATED (BY STABILIZATION) WILL CONTAIN A
HAZARDOUS WASTE AND WILL BE REDEPOSITED IN THE AREA OF CONTAMINATION.  (CERCLA COMPLIANCE WITH OTHER LAWS,
DRAFT, US EPA OSWER DIRECTIVE 9234.1-01, AUGUST 1988).  CLOSURE STANDARDS FOR LANDFILLS AND SURFACE
IMPOUNDMENTS ARE APPLICABLE.  HOWEVER, REDEPOSITING THE TREATED SOIL IN THE AREA OF CONTAMINATION DOES NOT
TRIGGER MINIMUM TECHNOLOGY REQUIREMENTS BECAUSE IT IS NOT A REPLACEMENT UNIT AND NO ADDITIONAL WASTE FROM
OUTSIDE THE UNIT IS ADDED (SUPERFUND RECORDS OF DECISION UPDATE, US EPA PUBLICATION 9200.5-2161, JUNE 1990).
THEREFORE, THE DESIGN AND OPERATING REQUIREMENTS FOR SUBTITLE C LANDFILLS (40 CFR SECTION 301) ARE NOT
APPLICABLE.  ALSO, THE RCRA STORAGE UNIT REQUIREMENTS ARE NOT APPLICABLE FOR THE PURPOSES OF ACCUMULATING
SUFFICIENT WASTE PRIOR TO TREATMENT (US EPA, OSWER DIRECTIVE 9234.1-01 AUGUST 1988, P. 2-12).  FURTHERMORE,
THE MATERIAL THAT IS IDENTIFIED AS WASTE AND THE ORGANIC CONTAMINATION EXTRACTED FROM THE SOIL WILL BE



SHIPPED OFFSITE FOR TREATMENT AND DISPOSAL IN ACCORDANCE WITH RCRA LAND DISPOSAL RESTRICTIONS.

LDRS ARE APPLICABLE TO THE REMEDY BECAUSE THE ACTION REQUIRES TREATING WASTE LISTED IN 40 CFR PART 261.  THE
SOIL CONTAINS LISTED WASTE AND WILL BE TREATED IN ACCORDANCE WITH LDR STANDARDS APPLICABLE TO SOIL AND
DEBRIS.  PRESENTLY, THE REMEDY SETS THE TREATMENT GOAL AT THE LEVELS ESTABLISHED BY EPA IN THE OSWER
DIRECTIVE: 9347.3-06FS MAY BE USED IF DURING THE DESIGN PHASE IT IS DETERMINED NECESSARY IN ORDER TO
IMPLEMENT THIS REMEDY.  THE HAZARDOUS WASTE STORAGE STANDARDS ARE NOT APPLICABLE TO ACCUMULATION OF WASTE
PRIOR TO TREATMENT, THE REMEDY WILL MEET RELEVANT AND APPROPRIATE REQUIREMENTS TO ENSURE PROTECTION OF HUMAN
HEALTH AND THE ENVIRONMENT.

THERE ARE NO ACTION-SPECIFIC ARARS ADDRESSING THE STABILIZATION PROCESS. ARAB PERTAINING TO AIR EMISSIONS AND
NOISE GENERATION WILL BE COMPLIED WITH.  OSHA REQUIREMENTS WILL ALSO BE MET.

CLEAN WATER ACT (CWA) AND SAFE DRINKING WATER ACT (SDWA)

DISCHARGES FROM THE TREATMENT OF WATER FROM THE INACTIVE SITE OR GROUND WATER CONTAMINATED WITH RCRA
HAZARDOUS WASTE, WILL MEET LIMITS ESTABLISHED UNDER THE STATE AND FEDERAL CLEAN WATER ACTS.  DISCHARGE LIMITS
FOR EACH CHEMICAL PARAMETER ARE ESTABLISHED IN THE COPDES PERMIT. ADDITIONALLY, THE DISCHARGE WILL BE
REQUIRED TO COMPLY WITH WATER QUALITY CRITERIA FOR PROTECTION OF HUMAN HEALTH.

GROUND WATER WILL BE TREATED TO MEET CHEMICAL-SPECIFIC STANDARDS SPECIFIED BY THE SAFE DRINKING WATER ACT
(THESE BEING, MCLGS, MCLS) AND A HEALTH-BASED CONCENTRATION THRESHOLD FOR NDMA AND STATE STANDARDS, WHICHEVER
ARE MORE STRINGENT.  (ONLY MCLGS WHICH ARE ABOVE ZERO ARE RELEVANT AND APPROPRIATE.)

CLEAN AIR ACT (CAA)

AIR EMISSIONS FROM THE THERMAL EXTRACTION SYSTEM, THE AIR STRIPPER FOR GROUND WATER AND THE SOIL VAPOR
EXTRACTION SYSTEM WILL COMPLY WITH REQUIREMENTS SPECIFIED IN TABLE 9-1.  SPENT CARBON FROM THE GRANULAR
ACTIVATED CARBON TREATMENT OF VAPORS WILL EITHER BE DISPOSED OF VIA INCINERATION AND DISPOSAL (LANDFILL) OR
REGENERATED AT AN OFFSITE LOCATION.

COST-EFFECTIVENESS

THE SELECTED REMEDY OFFERS THE BEST COMBINATION OF EFFECTIVENESS, IMPLEMENTABILITY AND COST IN COMPARISON
WITH THE ALTERNATIVES EVALUATED. THE REMEDY MITIGATES AND MINIMIZES THREATS TO AND IS PROTECTIVE OF PUBLIC
HEALTH AND THE ENVIRONMENT.

ALTERNATIVES S-5 AND GW-4 PROVIDE A HIGH DEGREE OF OVERALL EFFECTIVENESS BASED UPON THE CRITERIA OF LONG-TERM
EFFECTIVENESS AND PERMANENCE, REDUCTION IN TOXICITY, MOBILITY AND VOLUME THROUGH TREATMENT OF THE
CONTAMINANTS ON-SITE, AND ACHIEVEMENT OF SHORT-TERM EFFECTIVENESS DURING IMPLEMENTATION.

COMPARED WITH ALTERNATIVE S-4 WHICH WOULD BE EQUALLY AS EFFECTIVE, S-5 IS LESS COSTLY.  ALTERNATIVE S-5 IS
NEARLY EQUIVALENT IN COST TO S-3 AND PROVIDES BETTER LONG-TERM EFFECTIVENESS.  ALTERNATIVE GW-4 PROVIDES THE
MOST EXTENSIVE CLEANUP OF GROUND WATER OF ANY ALTERNATIVE AND HAS ONE OF THE SHORTEST RESTORATION TIMEFRAMES. 
ALTERNATIVE GW-3 IS THE ONLY ALTERNATIVE WITH COMPARABLE EFFECTIVENESS; HOWEVER, IT DOES NOT ADDRESS AN AREA
OF HIGHLY CONTAMINATED BEDROCK GROUND WATER WHICH IS ADDRESSED IN GW-4.

USE OF PERMANENT SOLUTIONS AND ALTERNATIVE TREATMENT TECHNOLOGIES OR RESOURCE RECOVERY TECHNOLOGIES TO THE
MAXIMUM EXTENT PRACTICABLE

THE SELECTED REMEDY USES TREATMENT AND ALTERNATIVE TECHNOLOGIES TO THE MAXIMUM EXTENT PRACTICABLE TO ACHIEVE
A PERMANENT SOLUTION WHICH IS COST-EFFECTIVE.  THE TREATMENT PROCESSES EMPLOYED BY THIS REMEDY WILL REMOVE
ORGANIC CONTAMINATION FROM THE SOIL UP TO AN ESTIMATED 99 PERCENT REMOVAL EFFICIENCY AND IMMOBILIZE THE
REMAINING CONTAMINANTS BOTH INORGANIC (METALS) AND ORGANIC WITH CHEMICAL AND PHYSICAL STABILIZING PROCESSES. 
REMOVAL AND DESTRUCTION OF WASTE AND THE REDUCED MOBILITY OF CONTAMINANTS BOTH FROM THE SOIL AND GROUND WATER
WILL PROVIDE A PERMANENT SOLUTION TO THE MAXIMUM EXTENT POSSIBLE.

ALTHOUGH OTHER ALTERNATIVES WOULD PROVIDE A PROTECTIVE REMEDY BY REDUCING MOBILITY OF CONTAMINANTS, NO OTHER
REMEDY WAS AS COST-EFFECTIVE IN PROVIDING PERMANENCE THROUGH REDUCTION IN TOXICITY AND VOLUME OF
CONTAMINANTS.



PREFERENCE FOR TREATMENT AS PRINCIPAL ELEMENT

AS DESCRIBE ABOVE, THE SELECTED REMEDY INCLUDES EXTENSIVE TREATMENT OF BOTH SOIL AND GROUND WATER TO REDUCE
THE TOXICITY, MOBILITY AND VOLUME OF CONTAMINANTS AT THE SITE.  THE REMEDY INCLUDES THE USE OF THERMAL
EXTRACTION FOR ORGANIC CONTAMINANTS AND CEMENT-BASED STABILIZATION FOR INORGANIC CONTAMINANTS IN THE INACTIVE
SITE SOIL.  CHLORINATED ORGANIC CONTAMINANTS (TCE AND 1,1,1-TCA) WILL BE REMOVED AND CONTAINED FROM THE
CHEMICAL STORAGE TANK AREA USING IN-SITU SOIL VAPOR EXTRACTION.  THE GROUND WATER WILL BE TREATED FOR VOCS,
SEMIVOLATILES AND INORGANIC CONTAMINANTS WITH A SPECIALIZED PROCESS USING UV PHOTOLYSIS AND OXIDATION TO
TREAT NDMA.

THE REMEDY THAT SATISFIES THE PREFERENCE FOR TREATMENT AS A PRINCIPLE ELEMENT BY REQUIRING THE TREATMENT OF
EACH CONTAMINANT TO THE MINIMUM EXTENT PRACTICABLE.

CONCLUSION

THE SELECTED REMEDY WILL MEET THE STATUTORY REQUIREMENTS AS SPECIFIED IN SECTION 121 OF CERCLA BY SATISFYING
THE THRESHOLD AND BALANCING CRITERIA FOR REMEDY SELECTION AS REQUIRED BY SECTION 300.430(E) OF THE NCP.  THE
STATE OF COLORADO HAS ALSO ACCEPTED THIS REMEDY AND HAS PARTICIPATED IN ITS SELECTION.



#RS
RESPONSIVENESS SUMMARY

THE COMMUNITY RELATIONS RESPONSIVENESS SUMMARY FOR THE SITE IS DIVIDED INTO TWO SECTIONS; 1. A BRIEF
DESCRIPTION OF THE SITE AND THE SELECTED REMEDY, AND 2. A SUMMARY OF THE ORAL AND WRITTEN COMMENTS RECEIVED
DURING THE PUBLIC COMMENT PERIOD CONCERNING THE PROPOSED PLAN PREPARED BY EPA.

OVERVIEW

THE MARTIN MARIETTA ASTRONAUTICS GROUP (MMAG) SITE IS LOCATED IN JEFFERSON COUNTY NEAR THE MOUTH OF WATERTON
CANYON ON HIGHWAY 121 APPROXIMATELY 25 MILES SOUTHWEST OF DENVER.  THE SITE OCCUPIES APPROXIMATELY 5200 ACRES
AND HAS OPERATED SINCE THE 1950S.  OPERATIONS HAVE INCLUDED THE MANUFACTURING OF ROCKETS FOR THE US AIR FORCE
AND RESEARCH AND DEVELOPMENT ASSOCIATED WITH AEROSPACE EQUIPMENT AND FUELS.

THE FACILITY IS REGULATED UNDER THE RESOURCE CONSERVATION AND RECOVERY ACT (RCRA) AS A TREATMENT, STORAGE AND
DISPOSAL FACILITY.  DURING THE OPERATING PERIOD PRIOR TO RCRA, THE WASTE WHICH COULD NOT BE TREATED IN THE
WASTEWATER TREATMENT PLANT ON SITE WAS DISPOSED OF IN FIVE PONDS LOCATED ON SITE.  THE AREA IS NOW CALLED THE
INACTIVE SITE PONDS AND IS A MAJOR SOURCE OF GROUND WATER AND SOIL CONTAMINATION.  THERE ARE SEVERAL OTHER
SOURCES OF CONTAMINATION ON SITE WHICH WERE INVESTIGATED DURING THE REMEDIAL INVESTIGATION OR AREA BEING
INVESTIGATED UNDER CLOSURE REQUIREMENTS OF THE RCRA PROGRAM.

THE PRIMARY CONTAMINANTS FOUND AT THE SITE ARE VOLATILE ORGANIC COMPOUNDS (VOCS) INCLUDING TRICHLOROETHENE
(TCE), 1,1,1-TRICHLOROTHANE (TCA) AND THE DEGRADATION COMPOUNDS FROM THESE CHEMICALS; SEMI-VOLATILE CHEMICALS
INCLUDING N-NITROSODIMETHYLAMINE (NDMA) WHICH IS A CHEMICAL ASSOCIATED WITH HYDRAZINE FUELS, AND INORGANIC
CHEMICALS SUCH AS HEXAVALENT CHROMIUM.  THE CONTAMINATION IS HIGHLY CONCENTRATED IN THE INACTIVE SITE AREA
SOIL AND GROUND WATER.  ANOTHER AREA WITH HIGH LEVELS OF CONTAMINATION IN THE GROUND WATER IS THE
MANUFACTURING (M3) AREA. THERE ARE LOW LEVELS OF CONTAMINATION FOUND OFF SITE IN THE DENVER WATER DEPARTMENT
(DWD) KASSLER PROPERTY.

THERE IS A SEPARATE SITE LOCATED WITHIN THE MMAG PROPERTY WHICH IS FEDERAL FACILITY AND IS ON THE NATIONAL
PRIORITIES LIST.  THE SITE IS APPROXIMATELY 464 ACRES AND IS OWNED BY THE US AIR FORCE.  A SEPARATE PROGRAM
IS IN PLACE TO REQUIRE THE INVESTIGATION OF THE SITE AND SELECT A REMEDY FOR THE REMEDIATION OF THE SITE.

ON JUNE 28, 1990 EPA PROPOSED THE PREFERRED ALTERNATIVE FOR REMEDIATING THE SITE.  THE PROPOSED REMEDY
INCLUDED ALTERNATIVE S-5 FOR THE INACTIVE SITE AND CHEMICAL STORAGE TANK AREAS AND ALTERNATIVE GW-4 TO
ADDRESS GROUND WATER.  BOTH ALTERNATIVES INCLUDE EXTENSIVE TREATMENT OF CONTAMINATED MEDIA.

ALTERNATIVE S-5 REQUIRES THAT CONTAMINATED SOILS IN THE INACTIVE SITE AREA BE EXCAVATED AND THAT WASTE BE
SEPARATED FOR TREATMENT AND DISPOSAL OFF SITE.  THE CONTAMINATED SOIL THAT REMAINS ON SITE WILL BE TREATED BY
THERMAL EXTRACTION TO REMOVE ORGANIC CHEMICALS AND SOLIDIFIED TO IMMOBILE INORGANIC CONTAMINANTS.  THE
TREATED SOIL WILL BE RETURNED TO THE AREA OF CONTAMINATION AND CAPPED WITH A MULTI-LAYERED CAP.  RESIDUES
FROM THE TREATMENT PROCESS WILL BE TRANSPORTED OFF SITE FOR TREATMENT AND DISPOSAL.

ALTERNATIVE GW-4 FOR THE GROUND WATER IS A SITE-WIDE REMEDY ADDRESSING CONTAMINATION WHICH ORIGINATES FROM
SOURCES INVESTIGATED DURING THE REMEDIAL INVESTIGATION AND HAZARDOUS WASTE MANAGEMENT UNITS SUBJECT TO RCRA
REGULATIONS.

EPA SOLICITED WRITTEN AND ORAL COMMENT FROM THE PUBLIC DURING THE COMMENT PERIOD WHICH BEGAN ON JUNE 28, 1990
AND CLOSED AUGUST 27, 1990. COMMENTS WERE RECEIVED DURING THE PUBLIC MEETING, HELD JULY 26, 1990, FROM THE
NATIONAL TOXICS CAMPAIGN (NTC) REPRESENTATIVE.  WRITTEN COMMENTS WERE SUBMITTED BY MMAG.

PUBLIC COMMENTS AND RESPONSE

COMMENT: FIRST OF ALL, WE FEEL THAT IT IS IMPORTANT THAT NO ADDITIONAL AIR EMISSIONS BE FACTORED INTO A
CLEAN-UP SITE, THAT WE WOULD BE WORKING AS DILIGENTLY AS POSSIBLE TO REDUCE AIR EMISSIONS IN THE DENVER
METROPOLITAN AREA.  SO THAT IS SOMETHING THAT IS EXTREMELY IMPORTANT AND NEEDS TO BE ADDRESSED.

EPA RESPONSE: EPA AGREES WITH THE CONCERN OVER INTRODUCING ADDITIONAL SOURCES OF AIR EMISSIONS AS PART OF THE
REMEDY.  AFTER FURTHER CONSIDERATION OF THE PROPOSED ALTERNATIVE FOR GROUND WATER INVOLVING AIR STRIPPING,
EPA HAS DECIDED TO INCLUDE EMISSION CONTROLS AS PART OF THE FINAL REMEDY FOR THIS PROCESS.  THIS DECISION IS
BASED UPON SEVERAL FACTORS INCLUDING THE EPA POLICY (OSWER DIR. 9355.0-28) APPLICABLE TO AREAS OF
NON-ATTAINMENT FOR AMBIENT AIR QUALITY AND THE FACT THAT MMAG IS WITHIN AN AREA OF NON-ATTAINMENT, AND THE
REQUIREMENT IN THE NCP TO REDUCE THE TOXICITY, MOBILITY OR VOLUME OF CONTAMINANTS THROUGH TREATMENT.  DURING
THE DESIGN PHASE, THE SPECIFIC TYPE OF CONTROL WILL BE DETERMINED.



COMMENT: WE ALSO CALL FOR INDEPENDENT MONITORING.  WE FEEL THAT THIS IS EXTREMELY IMPORTANT AS WELL, GIVEN
THE HISTORY OF MONITORING OF DIFFERENT TOXIC CONTAMINATION ON SITES IN COLORADO.

EPA RESPONSE: AS PART OF THE REGULATORY RESPONSIBILITIES OF EPA AND THE COLORADO DEPARTMENT OF HEALTH (CDH)
THE AUTHORITY TO ENTER FACILITIES AND COLLECT SAMPLES AND CONDUCT INSPECTIONS IS PROVIDED BY LAW. HOWEVER,
NEITHER EPA OR CDH HAVE THE AUTHORITY TO REQUIRE MMAG OR ANY FACILITY TO ALLOW A THIRD PARTY WHICH DOES NOT
REPRESENT THE AGENCIES TO ENTER A FACILITY TO COLLECT SAMPLES.

SPECIFICALLY, PURSUIT TO THE HAZARDOUS AND SOLID WASTE AMENDMENTS (HSWA) SECTION 3007 AND CERCLA SECTION
104(E), EPA IS PROVIDED THE AUTHORITY TO ENTER, INSPECT AND COLLECT SAMPLES FROM FACILITIES TREATING, STORING
OR DISPOSING OF HAZARDOUS WASTE OR FACILITY, VESSEL, LOCATION WITH HAZARDOUS SUBSTANCES.  PART 3 OF THE
COLORADO HAZARDOUS WASTE ACT (SECTION 25-15-301(3)) AUTHORIZES CDH TO ENTER AND INSPECT HAZARDOUS WASTE
FACILITIES.

IF ANY PARTY DESIRES SAMPLES FROM FACILITY, THEN THAT PARTY MAY CONTACT THE OWNER/OPERATOR OF THAT FACILITY
AND REQUEST PERMISSION TO OBTAIN SAMPLES DIRECTLY FROM THAT FACILITY.

COMMENT: MMAG BELIEVES THAT FLEXIBILITY MUST BE MAINTAINED THROUGHOUT THIS CLEANUP PROCESS TO ALLOW THE WORK
TO PROCEED IN AN EFFECTIVE AND ECONOMICAL MANNER.  THIS WILL ALLOW THE PROCEDURE TO BE UPDATED AS THE
KNOWLEDGE OF THE SITE INCREASES THROUGH TIME.  A RECORD OF DECISION (ROD) THAT ALLOWS FOR THIS KIND OF
CONTINUAL FEEDBACK WILL RESULT IN AN ACCELERATED ACHIEVEMENT OF OUR GOALS WITH IMPROVED RESULTS.

EPA RESPONSE: EPA AGREES THAT FLEXIBILITY MUST BE BUILT INTO THE ROD TO ALLOW FOR THE DEVELOPMENT OF THE MOST
COST-EFFECTIVE DESIGN OF THE REMEDY SPECIFIED IN THE ROD.  HOWEVER, THE ROD MUST SPECIFY THE PROCESSES
SELECTED TO REMEDIATE THE CONTAMINANT CONDITIONS AT THE SITE. THE ROD WILL RETAIN FLEXIBILITY ACCOUNTING FOR
THE RESULTS OF TREATABILITY STUDIES WHICH WILL BE CONDUCTED DURING THE DESIGN PHASE. SOIL TREATMENT STANDARDS
ARE SPECIFIED WITH PROVISIONS FOR A VARIANCE. IN ADDITION, THE ROD ACKNOWLEDGES THE POTENTIAL DIFFICULTIES
WITH ACHIEVING THE CLEANUP GOALS FOR GROUND WATER AS SPECIFIED IN THE ROD AND INCLUDES PROVISIONS TO EVALUATE
THE RESPONSE ACTION AND TREATMENT STANDARDS AFTER A PERIOD OF OPERATION.

COMMENT: THE ENDANGERMENT ASSESSMENT (EA) THAT EVALUATES THE RISK TO HUMAN HEALTH AND THE ENVIRONMENT HAS
USED RESIDENTIAL USE SCENARIO FOR THE BASIS OF EVALUATION.  THESE REQUIREMENTS SHOULD BE RECONSIDERED IN
LIGHT OF JEFFERSON COUNTY'S RECENT REQUEST TO FURTHER REVIEW RUNNING AT THE MMAG AND THE COUNTY DESIRES THAT
"VISUALLY SENSITIVE AREAS (HOGBACK, MOUNTAIN FRONT) BE PROTECTED AS ZONED OPEN SPACE."  THESE CHANGES WOULD
REDUCE THE HEALTH RISK CONCERNS, DRINKING WATER AND SHOWERING WITH WATER FROM GROUND WATER SOURCE, AND
THEREFORE AFFECT THE FINAL CLEANUP REQUIREMENTS AS SPECIFIED IN THE RECORD OF DECISION.

EPA RESPONSE: THE USE OF THE RESIDENTIAL SCENARIO IN THE EA WAS DONE TO EVALUATE THE REASONABLE MAXIMUM
EXPOSURE SCENARIO FOR THE SITE AS REQUIRED BY EPA POLICY FOR CONDUCTING RISK ASSESSMENTS.  IN DOING SO THE
EPA HAS A BETTER UNDERSTANDING OF THE RISK THAT MAY BE POSED TO HUMAN HEALTH UNDER CONDITIONS OF MAXIMUM
EXPOSURE AND BE ABLE TO COMMUNICATE THAT INFORMATION TO THE PUBLIC.  THE FACT THAT THE ZONING CHANGES ARE
BEING CONSIDERED FOR THE AREA DOES NOT CHANGE NEED TO ASSESS WHAT EPA CONSIDERS TO BE A POTENTIAL REASONABLE
MAXIMUM EXPOSURE SCENARIO.

THE FINAL CLEANUP REQUIREMENTS SPECIFIED IN THE ROD ARE BASED UPON SEVERAL REQUIREMENTS IN THE NCP AND
CERCLA.  SPECIFICALLY, WITH RESPECT TO GROUND WATER REMEDIATION, EPA IS TO CONSIDER RESTORING GROUND WATER TO
ITS BENEFICIAL USE BASED UPON PREVIOUS USES AND POTENTIAL USES.  THE GROUND WATER FROM THE SITE WAS USED AS A
DRINKING WATER SUPPLY AND THE POTENTIAL FOR THAT DEMAND IN THE FUTURE EXISTS.  FURTHERMORE, THE EPA IS TO
SELECT REMEDIES THAT ATTAIN PERMANENT SOLUTIONS THROUGH USE OF TREATMENT WHENEVER PRACTICABLE AND REMEDIES
MUST ATTAIN APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS (ARARS) OR ATTAIN A WAIVER.  BASED UPON THESE
SITE CONDITIONS AND REQUIREMENTS, THE REMEDY SELECTED IS THE MOST APPROPRIATE FOR THE SITE AND
RECONSIDERATION OF THE STANDARDS SET FORTH IN THE ROD BASED UPON ZONING WHICH IS SUBJECT TO CHANGE WOULD BE
INAPPROPRIATE.

COMMENT: THE SOILS ALTERNATIVES EVALUATED IN THE PRESENTATION OF THE PROPOSED PLAN DID NOT CONSIDER TWO OF
THE ALTERNATIVES SET FORTH IN THE FEASIBILITY STUDY (FS), LIMITED ACTION AND IN SITU STABILIZATION.  THE
LIMITED ACTION ALTERNATIVE RELIES ON ISOLATING THE PROPERTY TO PREVENT EXPOSURE WHILE THE IN SITU
STABILIZATION DEPENDS ON ADDING MATERIALS TO THE SOIL THAT DECREASES THE TRANSPORT RATE OF CONTAMINANTS WHILE
THEY DECOMPOSE NATURALLY.  THESE ALTERNATIVES DO NOT APPEAR TO COMPLETELY MEET THE REQUIREMENTS FOR THIS
CLEANUP BUT COULD COMPLIMENT THE OTHER TECHNOLOGIES.  AGAIN, THEY ADD TO THE FLEXIBILITY THAT WE BELIEVE IS
NEEDED IN THIS ROD.

EPA RESPONSE: THE LIMITED ACTION ALTERNATIVE AND THE IN-SITU STABILIZATION ALTERNATIVE ARE NOT SUPPORTED IN
THE FS AS BENEFICIAL OVER THE COMPARABLE ALTERNATIVES, NO ACTION AND EX-SITU STABILIZATION, RESPECTIVELY. 
THE LIMITED ACTION ALTERNATIVE DOES DOT PROVIDE ANY SIGNIFICANT INCREASE IN PROTECTION TO HUMAN HEALTH OR THE
ENVIRONMENT WHEN COMPARED TO THE NO ACTION ALTERNATIVE.  MOST OF THE COMPONENTS (E.G., RESTRICTIONS)
ASSOCIATED WITH THE LIMITED ACTION ARE INHERENT WITH (OR WILL BE INCORPORATED INTO) THE SELECTED ALTERNATIVE



DURING THE DESIGN PHASE, THUS ADDRESSING THE MARTIN MARIETTA COMMENT THAT LIMITED ACTION COULD COMPLIMENT THE
OTHER TECHNOLOGIES.  THE FS DEMONSTRATED THAT THE IN SITU STABILIZATION PROCESS IS INFERIOR TO THE EX-SITU
STABILIZATION PROCESS WITH RESPECT TO EFFECTIVENESS AND IMPLEMENTABILITY.  THE COSTS WERE NEAR EQUIVALENT. 
AS SUCH, THE EPA DOES NOT BELIEVE THAT IN-SITU STABILIZATION WARRANTS ANY FURTHER CONSIDERATION.  IT SHOULD
BE NOTED THAT THE FS IS THE MECHANISM USED TO REDUCE THE RANGE OF ALTERNATIVES TO A MANAGEABLE NUMBER OF THE
MOST FEASIBLE ALTERNATIVES.

COMMENT: THE REQUEST THAT THE ROD REMAIN FLEXIBLE SHOULD BE ESPECIALLY EXERCISED IN THE SOIL VAPOR EXTRACTION
TECHNOLOGY, SUGGESTED IN ALL ALTERNATIVES, FOR CLEANUP OF SOIL CONTAMINATION AT THE CHEMICAL STORAGE TANKS. 
THE SITE COMPATIBILITY FOR THIS REMOVAL METHOD MUST BE-EVALUATED BEFORE SPECIFYING THE TECHNIQUE.  WE SUGGEST
THAT A PILOT TEST OF THE TECHNOLOGY BE INCORPORATED.

EPA RESPONSE: EPA AGREES THAT A PILOT STUDY SHOULD BE CONDUCTED DURING THE DESIGN PHASE TO DETERMINE THE
FEASIBILITY OF IN-SITU SOIL VAPOR EXTRACTION.  EPA, HOWEVER, BELIEVES THAT IN-SITU SOIL VAPOR EXTRACTION WILL
WORK IN THIS PARTICULAR APPLICATION AND WILL SPECIFY IN-SITU SOIL VAPOR EXTRACTION IN THE ROD.  SHOULD THE
PROCESS FAIL DURING THE DESIGN PHASE, ANOTHER PROCESS WOULD BE IDENTIFIED.

COMMENT: THE ON-SITE TREATMENT AND EXCAVATION CALLED FOR IN ALTERNATIVES S-3 THROUGH S-5 IN THE PROPOSED PLAN
ARE BASED ON HANDLING THE COVER MATERIAL, WASTE SLUDGE, CONTAMINATED ALLUVIUM AND CONTAMINATED BACKFILL. THE
CONTAMINATED BACKFILL, WHICH WAS NOT INCLUDED IN THE PROPOSED PLAN, SHOULD BE COMBINED WITH THE CONTAMINATED
ALLUVIUM AND TERMED CONTAMINATED SOIL TO BE COMPATIBLE WITH THE FS REPORT.

EPA RESPONSE: WHILE IT MAY NOT HAVE BEEN CLEARLY STATED IN THE PROPOSED PLAN, REFERENCES MADE TO CONTAMINATED
BACKFILL AND/OR CONTAMINATED SOIL WERE INTENDED TO REFER TO BOTH CONTAMINATED BACKFILL AND ALLUVIUM THAT
CORRESPONDS TO A VOLUME OF 24,400 CUBIC YARDS.  THIS WILL BE CLEARLY STATED IN THE ROD AND THE TERM
"CONTAMINATED SOIL" WILL BE USED WHEN REFERRING TO CONTAMINATED BACKFILL AND ALLUVIUM.

COMMENT: BASED ON THE CURRENT INFORMATION AVAILABLE, THE REGION WHERE POND #2 WAS LOCATED APPEARS TO BE
UNCONTAMINATED.  IF ADDITIONAL DATA GATHERED DURING THE DESIGN PHASE VERIFIES THIS FACT, IT SEEMS UNNECESSARY
TO REMEDIATE THAT AREA.  THIS ALSO SEEMS LIKE A REASON TO MAINTAIN FLEXIBILITY IN THE DISCUSSION ON THE AREA
THAT NEEDS TO BE COVERED BY THE CAP.  THE EXTENT AND NATURE OF THE CAP SHOULD BE CALLED OUT IN THE DESIGN
REPORT WHICH WILL REFLECT THE RESULTS OF THE ADDITIONAL STUDY NEEDED.

EPA RESPONSE: DURING THE DESIGN PHASE, ADDITIONAL FIELD SAMPLING WILL BE REQUIRED TO MORE ACCURATELY
DETERMINE THE EXTENT OF CONTAMINATION.  FROM THIS INFORMATION, THE CAP WILL BE DESIGNED TO COVER THE
CONTAMINATED AREA.  A RCRA CAP, HOWEVER, WILL BE SPECIFIED IN THE ROD TO THE EXTENT SHOWN IN THE FS WHICH
COVERS ALL FIVE PONDS.  THE EXTENT OF THE CAP MAY INCREASE, DECREASE, OR REMAIN THE SAME DEPENDING ON THE
RESULTS OF THE FIELD SAMPLING PROGRAM CONDUCTED DURING THE DESIGN PHASE.

COMMENT: ALTERNATIVE S-5 SHOULD STATE CLEARLY THAT THE COLLECTED VOLATILE RESIDUE FROM THE THERMAL EXTRACTION
PROCESS AND THE EXCAVATED WASTE MUST BE TREATED AND DISPOSED OF OFF-SITE WHILE THE REMAINDER OF THE MATERIAL
CAN BE HANDLED ON-SITE.  THE ROD SHOULD CLARIFY THE TARGET REMEDIAL ACTION LEVEL AND TARGET TREATMENT LEVEL
WITH THE FLEXIBILITY TO ACCOMMODATE THE RESULTS OF THE DESIGN AND PILOT RESULTS.

EPA RESPONSE: THE ROD WILL BE WRITTEN TO CLEARLY STATE THAT THE WASTE AND THERMAL EXTRACTION RESIDUES WILL BE
TREATED AND DISPOSED OF OFFSITE AND THE REMAINDER OF THE MATERIAL CAN BE TREATED AND DISPOSED OF ON-SITE.
TARGET REMEDIAL ACTION LEVELS AND TREATMENT LEVELS WILL BE PRESENTED IN THE ROD AND CLARIFIED AS NECESSARY TO
ACCOUNT FOR THE ANALYTICAL METHOD DON LIMITS AND ATTAINABLE TREATMENT TECHNOLOGY LEVELS.

COMMENT: THE GROUND WATER TREATMENT SYSTEM DESCRIBED IN ALTERNATIVE GW-4 SHOULD LEAVE THE NATURE AND ORDER OF
THE PROCESS STEP OPEN SO AN ECONOMICAL DESIGN CAN BE DEVELOPED TO BEST PROTECT THE ENVIRONMENT. THIS MAY
LEAVE THE OPERATIONS IN THE CURRENT MMAG WASTEWATER TREATMENT PLANT AVAILABLE FOR FINAL POLISHING.

EPA RESPONSE: EPA AGREES WITH THIS COMMENT, HOWEVER, THE PROCESS ORDER PRESENTED IN THE PROPOSED PLAN WAS
TAKEN FROM THE FS AND WILL BE USED IN THE ROD FOR THE PURPOSE OF PRESENTING THE SELECTED REMEDY.  THE DESIGN
WILL DICTATE THE ORDER OF THE UNIT PROCESSES.



#TA
                                   TABLE 4-1
                 CONCENTRATION RANGE FOR CHEMICALS OF CONCERN
                            INACTIVE SITE POND AREA

                                                    TOTAL CONCENTRATION
                                                           RANGE
   CHEMICALS OF CONCERN                             LOW                HIGH

   VOLATILE ORGANIC COMPOUNDS, UG/KG
       ACETONE                                      113               8,480
       2-BUTANONE                                   374              23,500
       1,1-DICHLOROETHANE                           57                2,860
       CIS-1,2-DICHLOROETHYLENE                     51              126,000
       TRANS-1,2-DICHLOROETHYLENE                   63                   63
       ETHYLBENZENE                                 35              105,000
       METHYLENE CHLORIDE                         1,260             179,000
       4-METHYL-2-PENTANONE                         244               4,750
       TETRACHLOROETHYLENE                          41            1,100,000
       TOLUENE                                      86              607,000
       1,1,1-TRICHLOROETHANE                        41              163,000
       TRICHLOROETHENE                              43            7,100,000
       M-XYLENES                                    68              232,000
       O+P-XYLENES                                  108             238,000

   SEMI-VOLATILE ORGANIC COMPOUNDS, UG/KG

       ANTHRACENE                                   2,740             2,740
       BENZO(A)ANTHRACENE                           2,090             4,300
       BENZO(A)PYRENE                               3,120             3,600
       BENZO(GHI)PERYLENE                           3,500             3,500
       BENZO(B+K)FLUORANTHENES                      3,180             6,860
       BIS(2-ETHYLHEXYLE)PHTHALATE                  2,060             9,820
       CHRYSENE  2,160                              2,160
       DI-N-BUTYLPHTHALATE                          1,710             2,980
       FLUORANTHENE                                 1,880            14,700
       INDENO(1,2,3-CD)PYRENE                       1,740             1,890
       PHENANTHRENE                                 2,000            14,100
       PYRENE                                       1,770             8,760
       1,1,4-TRICHLOROBENZENE                       2,480             4,930
       PHENOL                                       ND                   ND

       PCB-1242                                     371              79,800
       PCB - 1248                                   1,310            12,800
       PCB - 1254                                   177               5,600
       PCB - 1260                                   1,060            14,400

   INORGANIC COMPOUNDS

       ALUMINUM, MG/KG                              1,640           158,000
       ANTIMONY, MG/KG                              11.5                461
       BARIUM, MG/KG                                22                1,820
       BERYLLIUM, MG/KG                             1                   5.5
       CADMIUM, UG/KG                               1.6             159,000
       CHROMIUM MG/KG                               2                42,500
       CHROMIUM (HEXAVALENT), MG/KG                 0.79                9.3
       COPPER, MG/KG                                4.7              28,600
       LEAD, MG/KG                                  3                   858
       MERCURY, UG/KG                               0.07              2,400
       NICKEL, MG/KG                                4.7                 179
       SILVER, UG/KG                                24               28,100
       FLUORIDE, MG/KG                              9.2                 253
       NITRATE + NITRITE, MG/KG                     0.4                  71
       CYANIDE (TOTAL), MG/KG                       1                    34



                                   TABLE 5-2

             SLOPE FACTORS(A) USED IN THE BASELINE RISK ASSESSMENT
                                 FOR MMAG SITE

                                                    WEIGHT-OF-EVIDENCE
   CHEMICAL             SLOPE FACTOR (MG/KG/DAY)(-1)    CLASSIFICATION(B)

                                ORAL      INHALATION

   BENZENE                      0.029     0.029               A
   1,1-DICHLOROETHANE 0.091     ---                           B2
   1,1-DICHLOROETHYLENE         0.6       1.2                 C
   MYTHYLENE CHLORIDE 0.0075    0.014                         B2
   N-NITROSODIMETHYLAMINE       51        51                  B2
   POLYCHLORINATED BIPHEYLS     7.7       7.7                 B2
   POLYCYCLIC AROMATIC
       HYDROCARBONS             11.5      6.1                 B2
   TETRACHLOROETHYLENE          0.051     0.0033              B2
   TRICHLOROETHYLENE            0.011     0.0046              B2
   UNSYMMETRICAL
       DIMETHYLHYDRAZINE        1.88      ---                 B2
   VINYL CHLORIDE                2.3      0.295               A
   CADMIUM                      ---       6.1                 B1
   CHROMIUM, HEXAVALENT         ---       41                  A
   LEAD                         ---       ---                 B2

   (A) SLOPE FACTORS ARE ONLY PRESENTED FOR CONTAMINANTS CLASSIFIED AS TO
   CARCINOGENICITY, AND THAT CONTRIBUTED SIGNIFICANTLY TO MMAG SITE
   CONTAMINATION AS DETERMINED BY THE FOLLOWING CRITERIA: CONCENTRATION
   EXCEEDED A FEDERAL STANDARD AND/OR THE CONTAMINANT CONTRIBUTED TO A
   CANCER RISK OF GREATER THAN 1 X (10-6) OR HAZARD INDEX GREATER THAN 1 IN
   THE MMAG BASELINE RISK ASSESSMENT.  THE COMPLETE LIST OF SLOPE FACTORS
   FOR CHEMICALS OF POTENTIAL CONCERN CAN BE FOUND IN TABLES  3-1 AND 3-2
   IN THE PHE (CAI, 1990).

    (B) WEIGHT-OF-EVIDENCE CLASSES ARE AS FOLLOWS:

    A = HUMAN CARCINOGEN, SUFFICIENT EVIDENCE FROM HUMAN EPIDEMIOLOGIC STUDIES

   B1 = PROBABLE HUMAN CARCINOGEN, LIMITED HUMAN EVIDENCE AND ADEQUATE ANIMAL EVIDENCE

   B2 = PROBABLE HUMAN CARCINOGEN, INADEQUATE HUMAN EVIDENCE AND ADEQUATE ANIMAL EVIDENCE

   C = POSSIBLE HUMAN CARCINOGEN, LIMITED ANIMAL EVIDENCE IN THE ABSENCE OF HUMAN EVIDENCE

   D = NOT CLASSIFIED AS TO HUMAN CARCINOGENICITY
   E = EVIDENCE OF NONCARCINOGENICITY



                                   TABLE 5-3

            REFERENCE DOSES(A) USED IN THE BASELINE RISK ASSESSMENT
                                 FOR MMAG SITE

   CHEMICAL                               REFERENCE DOSE (MG/KG/DAY)

                                          ORAL             INHALATION

   1,1-DICHLOROETHANE                     0.1                 0.1
   1,1-DICHLOROETHYLENE                   0.009               ---
   METHYLENE CHLORIDE                     0.06                ---
   POLYCYCLIC AROMATIC HYDROCARBONS       0.4                 ---
   TETRACHLOROETHYLENE                    0.01                ---
   1,2,4-TRICHLOROBENZENE                 0.02                0.003
   1,1,1-TRICHLOROBENZENE                 0.09                0.3
   TRICHLOROETHYLENE                      0.00735             ---
   AMMONIA                                0.97                0.36
   CADMIUM                                0.001               ---
   CHROMIUM, HEXAVALENT                   0.005               ---
   CHROMIUM, TRIVALENT                    1                   ---
   COPPER                                 0.037               0.01
   LEAD                                   0.0006              ---

   (A) ONLY CHEMICALS WITH ESTABLISHED REFERENCE DOSES AND WHICH MEET THE
   FOLLOWING CRITERIA ARE PRESENTED: CONCENTRATION ON MMAG SITE EXCEEDED A
   FEDERAL STANDARD OR THE CONTAMINANT CONTRIBUTED TO A CANCER RISK OF
   GREATER THAN 1 X (10-6) OR A HAZARD INDEX GREATER THAN 1 IN THE MMAG
   BASELINE RISK ASSESSMENT.



                                   TABLE 8-1

                    MARTIN MARIETTA ASTRONAUTICS GROUP SITE
                  SOIL ACTION LEVELS AND TREATMENT STANDARDS

   ORGANIC
   CONTAMINANTS                                             TREATMENT
   CONCERN                                ACTION LEVELS     STANDARDS

   VOLATILE ORGANIC COMPOUNDS             TCLP, MG/L(1)     TCLP, MG/L(2)

       ACETONE                            0.59                160
       1,1-DICHLOROETHENE                                     7.2
       TRANS 1,2-DICHLOROETHENE                               33
       TETRACHLOROETHYLENE                0.7                 0.05
       TOLUENE                                                0.33
       1,1,1-TRICHLOROETHANE                                  0.41
       TRICHLOROETHENE                    0.5                 0.091
       XYLENES (TOTAL)                                        28

   SEMI-VOLATILE ORGANIC COMPOUNDS                            TOTAL CONC,
   MG/KG(3)
       ANTHRACENE                                             4.0
       BENZO(A)ANTHRACENE                                     8.2
       BENZO(A)PYRENE                                         8.2
       BENZO(GHI)PERYLENE                                     1.5
       BENZO(B+K)FLUORANTHENES                                3.4
       BIS(2-ETHYLHEXYL)                                      28
       CHRYSENE                                               8.2
       DI-N-BUTYLPHTHALATE                                    28
       FLUORANTHENE                                           3.1
       INDENO(1,2,3-CD)PYRENE                                 8.2
       PHENANTHRENE                                           3.1
       PYRENE                                                 8.2
       1,2,4-TRICHLOROBENZENE
       PHENOL

       PCB - 1242                         25.0                1.0
       PCB - 1248                         25.0                1.0
       PCB - 1254                         25.0                1.0
       PCB - 1260                         25.0                1.0

   INORGANIC COMPOUNDS                    TOTAL CONC,         TCLP,
                                          MG/KG(4)            MG/L(2)

       ACETONE                            0.59
       ALUMINUM                           116000
       ANTIMONY
       BARIUM                                                 100
       BERYLLIUM                          1.56
       CADMIUM                            3.2                 1
       CHROMIUM (TOTAL)                   60                  5
       COPPER                             4343
       LEAD                               31                  5
       MERCURY                            3.7                 0.2
       NICKEL
       SILVER                             5                   5
       FLUORIE                            25
       NITRATE + NITRATE
       CYANIDE (TOTAL)                                        590 MG/KG(5)
       CYANIDE (AMENABLE)                                     30 MG/KG(5)



   NOTE: LDR TREATMENT STANDARDS ARE NOT ARARS FOR CONTAMINATED SOIL AND
   DEBRIS.  HOWEVER, THE TREATMENT STANDARDS ARE BEING USED AS TARGET
   CLEANUP LEVELS.  TREATABILITY VARIANCES FOR SOIL AND DEBRIS ARE
   AVAILABLE.  55 FEDERAL REGISTER, 8760 (MARCH 8, 1990).

   1. REGULATORY LEVELS FOR TOXICITY CHARACTERISTIC CONSTITUENTS AS
      PUBLISHED AT 55 FEDERAL REGISTER, (MARCH 29,1990).

   2. TREATMENT STANDARDS PUBLISHED IN THE AT THE 55 FEDERAL REGISTER (JUNE 1, 1990).

   3. TREATMENT STANDARDS PUBLISHED AT 55 FEDERAL REGISTER, (JUNE 1, 1990).

   4. BACKGROUND LEVELS FROM THE REMEDIAL INVESTIGATION REPORT (GERAGHTY & MILLER, 1990A)

   5. TREATMENT STANDARDS FOR F019 WASTES AS PUBLISHED, AT 55 FEDERAL REGISTER, (JUNE 1, 1990).



                                   TABLE 8-2

                        GROUND WATER CLEAN-UP STANDARDS

       CONTAMINANT                 GROUND WATER(1)        MCLGS(5)
       OF CONCERN                  CONCENTRATION (UG/L)    (UG/L)

   ORGANIC CHEMICALS
       BENZENE                            5                   0
       1,2-DICHLOROETHANE                 5                   0
       1,1-DICHLOROETHYLENE               7                   7
       N-NITROSODIMETHYLAMINE             0.0007(4)           --(6)
       1,1,1-TRICHLOROETHANE              200                 200
       TRICHLOROETHYLENE                  5                   0
       VINYLE CHLORIDE                    2                   0

   INORGANIC CHEMICALS
       ARSENIC                            50(2)               0
       BARIUM                             1,000(1)            5000
       CADMIUM                            5                   5
       CHROMIUM                           50(1)               100
       COPPER                             1,000(3)            1300
       CYANIDE (FREE)                     200                 200
       FLUORIDE                           4,000               4000
       IRON                               300(3)              --(6)
       LEAD (MCL = 5 @ SOURCE)            5                   0
       MANGANESE                          50(3)               --(6)
       MERCURY                            2                   2
       NITRATE                            10,000              10,000
       NITRITE                            1,000               1,000
       SILVER                             50(2)               --(6)
       ZINC                               5,000(3)            --(6)

   REFERENCES:

   1. STANDARDS TAKEN FROM (UNLESS OTHERWISE NOTED) SAFE DRINKING WATER ACT
      MAXIMUM CONTAMINANT LEVEL (MCL), DRINKING WATER REGULATIONS AND HEALTH
      ADVISORIES, EPA OFFICE OF DRINKING WATER, WASHINGTON, D.C., APRIL 1990.

   2. COLORADO HUMAN HEALTH STANDARDS FOR GROUND WATER, COLORADO WATER
      QUALITY COMMISSION, THE BASIS STANDARDS FOR GROUND WATER, SECTION 3.11.0, JANUARY 15, 1987.

   3. COLORADO SECONDARY DRINKING WATER STANDARDS, COLORADO WATER QUALITY
      COMMISSION, BASIC STANDARDS FOR GROUND WATER, SECTION 3.11.0, JANUARY 15, 1987.

   4. BASED ON THE INTEGRATED RISK INFORMATION SYSTEM (IRIS).  (ALSO
      EQUIVALENT TO THE CANCER RISK LEVEL OF 10E-6 FOR DRINKING WATER).

   5. STANDARDS TAKEN FROM THE DRINKING WATER ACT CONTAMINANT LEVEL GOAL
      (MCLG), DRINKING WATER, REGULATIONS AND HEALTH ADVISORIES, EPA OFFICE OF
      DRINKING WATER, WASHINGTON, D.C., APRIL 1990.

   6.  MCLG STANDARDS NOT SET FOR THESE CONSTITUENTS.


